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(57) ABSTRACT

Disclosed is a method for obtaining an accurate detected
value of a similarity between images or the like. Original
standard and input pattern matrices, each having a feature
quantity of an image as an element, are created (Sb1l and
Sb3). A weighting vector having a value of a change rate of
a kurtosis of a reference pattern vector composed of a
reference shape as an element is created, and an original and
weighted standard pattern matrix is calculated by a product-
sum operation of an element value of the weighting vector
and an element value of the original standard pattern matrix
(Sb2). Then, an original and weighted input pattern matrix
is calculated by a product-sum operation of the element
value of the same weighting vector and an element value of
the original input pattern matrix (Sb4), and a geometric
distance value between the original standard pattern matrix
and the original input pattern matrix is calculated as a cosine
of an angle between the original and weighted standard
pattern matrix and the original and weighted input pattern
matrix (Sb5).

42 Claims, 69 Drawing Sheets
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METHODS FOR DETECTING SIMILARITY
BETWEEN IMAGES, VOICES,
OSCILLATION WAVES, MOVING IMAGES,
AND SOLIDS AND METHODS FOR
RECOVERING THE IMAGE, VOICE,
ABNORMALITY IN A MACHINE, MOVING
IMAGE, AND SOLID BY THE USE OF
DETECTED VALUE THEREOF

The entire disclosure of Japanese Patent Application No.
2002-68231 filed on Mar. 13, 2002 including specification,
claims, drawings and summary is incorporated herein by
reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for detecting a
similarity between standard information and input informa-
tion and to a method for recognizing whether or not the input
information is the standard information or for judging
whether or not the input information is abnormal by use of
a detected value of the similarity.

More specifically, the present invention relates to a
method for detecting a similarity between a standard image
and an input image with regard to characters or patterns and
to a method for recognizing an image by use of a detected
value of the similarity. Moreover, the present invention
relates to a method for detecting a similarity between voices
with regard to voices uttered by human beings and to a
method for recognizing a voice by use of a detected value of
the similarity. Furthermore, the present invention also relates
to a method for detecting a similarity between oscillation
waves with regard to sounds or oscillations generated by
equipment or the like and to a method for judging an
abnormality in a machine based on a detected value of the
similarity. Still further, the present invention relates to a
method for detecting a similarity between moving images
and to a method for recognizing a moving image by use of
a detected value of the similarity. Yet further, the present
invention relates to a method for detecting a similarity
between solids and to a method for recognizing a solid by
use of a detected value of the similarity.

2. Description of the Related Art

An image recognition apparatus, in which a computer
automatically recognizes an image such as a character and a
pattern, is equipped with means for detecting a similarity
between a standard image and an input image and recog-
nizing the input image by use of a detected value of the
similarity when a known image previously registered in the
computer is set as the standard image and an unknown image
newly inputted to the computer is set as the input image.

PRIOR ART

As a technology of detecting a similarity between a
standard voice and an input voice as a geometric distance,
the gazette of Japanese Patent Laid-Open No. Hei 10(1998)-
253444 (Japanese Patent Application No. Hei 9(1997)-
61007, Title of the Invention: Method for detecting abnor-
mal sound and method for judging abnormality in machine
by use of detected value thereof, and method for detecting
similarity between oscillation waves and method for recog-
nizing voice by use of detected value of similarity) is known.
Hereinafter, this will be referred to as a prior art.
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RELATED ART

As an improved technology of detecting a similarity
between standard information and input information as a
geometric distance, the applicant files Japanese Patent
Application No. 2000-277749 (Title of the Invention:
Method for detecting similarity between voices and method
for recognizing voice by use of detected value thereof,
method for detecting similarity between oscillation waves
and method for judging abnormality in machine by use of
detected value thereof, method for detecting similarity
between images and method for recognizing image by use of
detected value thereof, method for detecting similarity
between solids and method for recognizing solid by use of
detected value thereof, and method for detecting similarity
between moving images and method for recognizing moving
image by use of detected value thereof). Since Japanese
Patent Application No. 2000-277749 is not laid open yet or
is not a known prior art, this will be referred to as a related
art.

The method for detecting a similarity between images in
the related art (Japanese Patent Application No. 2000-
277749) includes the steps of: previously registering a
standard pattern matrix having, as an element, a feature
quantity such as a density of a standard image; preparing an
input pattern matrix having a feature quantity of an input
image as an element; and calculating a geometric distance
between the standard pattern matrix and the input pattern
matrix. Moreover, the method for recognizing an image in
the related art includes the step of: comparing a calculated
value of the geometric distance with an arbitrarily set
allowed value.

Namely, first, the method of the related art (Japanese
Patent Application No. 2000-277749) divides a density of
each pixel by the sum of the densities of the entire pixels to
obtain a normalized density of each pixel uniformly for an
image even if the image is a binary image such as a
character. Then, the method creates a standard pattern matrix
and an input pattern matrix by use of the normalized
densities thus obtained, and detects an extent of similarity
between the standard pattern matrix and the input pattern
matrix as a geometric distance value.

Furthermore, second, the method of the related art (Japa-
nese Patent Application No. 2000-277749) squares a ratio
value obtained by dividing the maximum value of lengths
between specified elements and elements in a pattern matrix
by a constant of 1.4 to obtain a value of variance of a normal
distribution. Moreover, the method weights a constant of 1
down the entire element numbers of a reference pattern
vector, and irrespective of the element numbers of the
reference pattern vector, the method substitutes an absolute
value of a variation between an element value of the
standard pattern matrix and an element value of the input
pattern matrix with an increasing quantity of the reference
pattern vector as it is. Namely, the method creates the
reference pattern vector by use of a normal distribution
having a fixed value of variance, and increases the reference
pattern vector by use of increasing means having a fixed
value of weight.

However, first, in the handwritten character recognition
dealing binary images, even if the same character is written,
generally, images having character portions different in the
number of pixels for each writing occur in many cases. In the
case where such binary images are normalized by the sum of
the densities of the entire pixels, the normalized densities of
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the character portions have values different for each image,
causing the similarity detection for the images to be inac-
curate.

For example, FIG. 71A shows two examples of binary
images of the alphabet “E”, which are defined as a standard
image 31 and an input image 32. Moreover, FIG. 71B shows
an original standard pattern matrix 31Ao and an original
input pattern matrix 32Ao0, in which, in the standard image
31 and the input image 32, a density of a character portion
is set at 1, a density of a background portion is set at 0, and
these densities are set as elements. Here, the sums of the
densities of the entire pixels of the original standard pattern
matrix 31Ao and the original input pattern matrix 32A0 are
28 and 30, respectively. Furthermore, FIG. 71C shows a
standard pattern matrix 31A and an input pattern matrix
32A, in which, in the original standard pattern matrix 31A0
and the original input pattern matrix 32Ao, the density of
each pixel is divided by the sum of the densities of the entire
pixels to obtain a normalized density of each pixel, and these
normalized densities are set as elements.

For example, in FIG. 71A, the density of the first row/first
column of the standard image 31 and the density of the first
row/first column of the input image 32 are equal to each
other. However, in FIG. 71C, the normalized density of the
first row/first column of the standard pattern matrix 31A
becomes '4s (=€), and the normalized density of the first
row/first column of the input pattern matrix 32A becomes
Va0 (=C). Accordingly, as an absolute value In11-h11l of a
variation between an element value hll of the standard
pattern matrix 31A and an element value nll of the input
pattern matrix 32A, a value other than O appears. In the case
where the density patterns of images are normalized by the
sums of the densities of the entire pixels as described above,
on the same positions of the standard image and the input
image, the positions having an equal density, a variation
appears between the element value of the standard pattern
matrix and the element value of the input pattern matrix,
causing an error in geometric distance value.

In order to cope with the foregoing problem, instead of the
related art (Japanese Patent Application No. 2000-277749),
a method is conceived, in which the density of each pixel is
divided by the maximum value of the densities of the entire
pixels to obtain the normalized density of each pixel. In this
case, the normalized density of the character portion of the
binary image becomes 1, and the normalized density of the
background portion thereof becomes 0. Accordingly, in FIG.
7C, the absolute value In11-h11! of the variation between the
element value h11 of the standard pattern matrix 31A and the
element value nl1 of the input pattern matrix 32A becomes
0. As described above, in the case of the binary image, it is
conceived that the foregoing problem can be solved if the
density pattern of the image is normalized by the maximum
value of the densities of the entire pixels.

However, in the image recognition for binary images and
images other than the binary images, both of which are
mixedly present, generally, it is not previously known in
many cases whether each input image is a binary image or
an image other than the binary image. In such a case,
judgment cannot be made as to which of the method for
normalizing the density pattern of the image by the maxi-
mum value of the densities of the entire pixels or the method
for normalizing the density pattern by the sum of the
densities of the entire pixels is to be used for processing the
input image.

Second, in the handwritten character recognition, even if
the same character is written, a deformed character occurs
for each writing. Therefore, a method is usually adopted, in
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which a large number of human beings write the same
characters repeatedly, and a plurality of standard images are
registered for each character.

For example, FIG. 72 shows two examples of binary
images of the alphabet “E” and two example of binary
images of the alphabet “F”, which are defined as standard
images 33 and 34 of “E” and standard images 35 and 36 of
“F”, respectively. The alphabet “E” and the alphabet “F” are
different in category. Moreover, in FIG. 72, geometric
distances between the respective standard images are sche-
matically denoted as d33-34, d35-36, d33-35, d33-36,
d34-35 and d34-36. Note that d33-34 indicated by a
solid-line arrow is a geometric distance between the stan-
dard images 33 and 34 in the same category of “E”, and that
d35-36 indicated by a solid-line arrow is a geometric
distance between the standard images 35 and 36 in the same
category of “F”. d33-35 and d33-36 indicated by broken-
line arrows are geometric distances between the standard
image 33 of “E” and the standard images 35 and 36 of “F”,
“E” and “F” being in different categories. d34-35 and
d34-36 indicated by broken-line arrows are geometric dis-
tances between the standard image 34 of “E” and the
standard images 35 and 36 of “F”, “E” and “F” being in
different categories.

Here, if the distance between the standard images in the
same category is shortened, and simultaneously, the distance
between the standard images in the different categories is
elongated, then, as a result, separation of the standard image
in the same category and the standard image in the different
category is improved, and thus recognition performance
when an input image is given is improved.

However, according to the method of the related art
(Japanese Patent Application No. 2000-277749), the refer-
ence pattern vector is created by use of the normal distri-
bution having the fixed value of variance, and the reference
pattern vector is increased by use of the increasing means
having the fixed value of weight. Therefore, the separation
of the standard image in the same category and the standard
image in the different category is fixed, and thus the recog-
nition performance when an input image is given cannot be
improved.

As described in the above first and second subjects, in the
method of the related art (Japanese Patent Application No.
2000-277749), problems are inherent, in which the similar-
ity between images cannot be detected precisely, and a
sufficiently satisfactory precision for recognizing an image
cannot be obtained.

The present invention was made in order to solve the
foregoing problems. A first object of the present invention is
to provide a method for detecting a similarity between
images, which is capable of obtaining, from two pattern
matrices that are a standard pattern matrix and an input
pattern matrix, an accurate value of a geometric distance
therebetween. In this case, the standard pattern matrix and
the input pattern matrix may be substituted with an original
standard pattern matrix and an original input pattern matrix
that are pattern matrices not having been subjected to
normalization. A second object of the present invention is to
provide a method capable of recognizing an image based on
a detected value of the similarity between the images with
high precision.

A third object of the present invention is to provide a
method for detecting a similarity between voices, which is
capable of obtaining, from two pattern matrices that are a
standard pattern matrix and an input pattern matrix, an
accurate value of a geometric distance therebetween. In this
case, the standard pattern matrix and the input pattern matrix
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may be substituted with an original standard pattern matrix
and an original input pattern matrix. A fourth object of the
present invention is to provide a method capable of recog-
nizing a voice based on a detected value of the similarity
between the voices with high precision.

A fifth object of the present invention is to provide a
method for detecting a similarity between oscillation waves,
which is capable of obtaining, from two pattern matrices that
are a standard pattern matrix and an input pattern matrix, an
accurate value of a geometric distance therebetween. In this
case, the standard pattern matrix and the input pattern matrix
may be substituted with an original standard pattern matrix
and an original input pattern matrix. A sixth object of the
present invention is to provide a method capable of judging
an abnormality in a machine based on a detected value of the
similarity between the oscillation waves with high precision.

A seventh object of the present invention is to provide a
method for detecting a similarity between moving images,
which is capable of obtaining, from two pattern matrix
layers that are a standard pattern matrix layer and an input
pattern matrix layer, an accurate value of a geometric
distance therebetween. In this case, the standard pattern
matrix layer and the input pattern matrix layer may be
substituted with an original standard pattern matrix layer and
an original input pattern matrix layer. An eighth object of the
present invention is to provide a method capable of recog-
nizing a moving image based on a detected value of the
similarity between the moving images with high precision.

A ninth object of the present invention is to provide a
method for detecting a similarity between solids, which is
capable of obtaining, from two pattern matrix layers that are
a standard pattern matrix layer and an input pattern matrix
layer, an accurate value of a geometric distance therebe-
tween. In this case, the standard pattern matrix layer and the
input pattern matrix layer may be substituted with an origi-
nal standard pattern matrix layer and an original input
pattern matrix layer. A tenth object of the present invention
is to provide a method capable of recognizing a solid based
on a detected value of the similarity between the solids with
high precision.

An eleventh object of the present invention is to provide
a method for detecting a similarity between voices, which is
capable of obtaining, from two pattern vectors that are a
standard pattern vector and an input pattern vector, an
accurate value of a geometric distance therebetween. In this
case, the standard pattern vector and the input pattern vector
may be substituted with an original standard pattern vector
and an original input pattern vector. A twelfth object of the
present invention is to provide a method capable of recog-
nizing a voice based on a detected value of the similarity
between the voices with high precision.

A thirteenth object of the present invention is to provide
a method for detecting a similarity between oscillation
waves, which is capable of obtaining, from two pattern
vectors that are a standard pattern vector and an input pattern
vector, an accurate value of a geometric distance therebe-
tween. In this case, the standard pattern vector and the input
pattern vector may be substituted with an original standard
pattern vector and an original input pattern vector. A four-
teenth object of the present invention is to provide a method
capable of judging an abnormality in a machine based on a
detected value of the similarity between the oscillation
waves with high precision.

Note that the present invention was made by improving
the method for calculating a value of a geometric distance,
which is described in the related art (Japanese Patent Appli-
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cation No. 2000-277749) and the prior art (gazette of
Japanese Patent Laid-Open No. Hei 10(1998)-253444).

SUMMARY OF THE INVENTION

In order to solve the foregoing problems, a first aspect of
the present invention is a method for detecting a similarity
between images, comprising the steps of:

(a) creating a standard pattern matrix having a feature
quantity of a standard image as an element and an input
pattern matrix having a feature quantity of an input image as
an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having a
different value of

variance for each specified element of the pattern matrices,
creating a reference pattern vector having a value of the
reference shape as an element, and creating a weighting
vector having a value of a change rate of a kurtosis of the
reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the standard pattern matrix to calculate a
weighting vector element number proximate to a position
apart from a center of the weighting vector by the length, and
obtaining a value of a product of an element value of the
element number of the weighting vector and an element
value of each element of the standard pattern matrix to
calculate a product-sum value obtained by adding the value
of'the product to each element of the standard pattern matrix;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the standard pattern matrix to a position of each element
thereof, and creating a weighted standard pattern matrix
having the product-sum value as an element value of the
specified element;

(e) obtaining a length between the specified element and
each element of the input pattern matrix to calculate a
weighting vector element number proximate to a position
apart from a center of the weighting vector by the length, and
obtaining a value of a product of an element value of the
element number of the weighting vector and an element
value of each element of the input pattern matrix to calculate
a product-sum value obtained by adding the value of the
product to each element of the input pattern matrix;

() when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the input pattern matrix to a position of each element
thereof, and creating a weighted input pattern matrix having
the product-sum value as an element value of the specified
element; and

(g) defining any of a square sum and a square root of the
square sum of a value of a difference between the weighted
standard pattern matrix and the weighted input pattern
matrix for each element as a geometric distance value
between the standard pattern matrix and the input pattern
matrix.

A method for detecting a similarity between images of a
second aspect of the present invention is characterized in
that, instead of the weighting vector in the first aspect, a ratio
value of mean values is obtained, the ratio value being
obtained by dividing a mean geometric distance value
between standard images in the same category by a mean
geometric distance value between standard images in dif-
ferent categories, and a weighting vector having a value of
a weighting factor minimizing the ratio value of the mean
values as an element is created.
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Moreover, a third aspect of the present invention is a
method for recognizing an image, comprising the steps of:
obtaining the geometric distance between the standard pat-
tern matrix having the feature quantity of the standard image
as an element and the input pattern matrix having the feature
quantity of the input image as an element by the method for
detecting a similarity between images of any one of the first
and second aspects; comparing the obtained geometric dis-
tance value with an arbitrarily set allowed value; and judg-
ing the input image not to be the standard image when the
geometric distance value is larger than the allowed value,
and judging the input image to be the standard image when
the geometric distance value is equal to/smaller than the
allowed value.

Next, a fourth aspect of the present invention is another
method for detecting a similarity between images, compris-
ing the steps of:

(a) creating an original standard pattern matrix having a
feature quantity of a standard image as an element and an
original input pattern matrix having a feature quantity of an
input image as an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having a
different value of variance for each specified element of the
original pattern matrices, creating a reference pattern vector
having a value of the reference shape as an element, and
creating a weighting vector having a value of a change rate
of a kurtosis of the reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the original standard pattern matrix to
calculate a weighting vector element number proximate to a
position apart from a center of the weighting vector by the
length, and obtaining a value of a product of an element
value of the element number of the weighting vector and an
element value of each element of the original standard
pattern matrix to calculate a product-sum value obtained by
adding the value of the product to each element of the
original standard pattern matrix;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the original standard pattern matrix to a position of each
element thereof, and creating an original and weighted
standard pattern matrix having the product-sum value as an
element value of the specified element;

(e) obtaining a length between the specified element and
each element of the original input pattern matrix to calculate
a weighting vector element number proximate to a position
apart from a center of the weighting vector by the length, and
obtaining a value of a product of an element value of the
element number of the weighting vector and an element
value of each element of the original input pattern matrix to
calculate a product-sum value obtained by adding the value
of the product to each element of the original input pattern
matrix;

(f) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the original input pattern matrix to a position of each
element thereof, and creating an original and weighted input
pattern matrix having the product-sum value as an element
value of the specified element; and

(g) defining a ratio value as a geometric distance value
between the original standard pattern matrix and the original
input pattern matrix, the ratio value being obtained by
dividing a product-sum value of the original and weighted
standard pattern matrix and the original and weighted input
pattern matrix for each element by a square root of a square
sum of each element of the original and weighted standard
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pattern matrix and a square root of a square sum of each
element of the original and weighted input pattern matrix.

A method for detecting a similarity between images of a
fifth aspect of the present invention is characterized in that,
instead of the weighting vector in the fourth aspect, a
difference value of mean values is obtained, the difference
value being obtained by subtracting a mean geometric
distance value between standard images in different catego-
ries from a mean geometric distance value between standard
images in the same category, and a weighting vector having
a value of a weighting factor maximizing the difference
value of the mean values as an element is created.

Moreover, a sixth aspect of the present invention is a
method for recognizing an image, comprising the steps of:
obtaining the geometric distance between the original stan-
dard pattern matrix having the feature quantity of the
standard image as an element and the original input pattern
matrix having the feature quantity of the input image as an
element by the method for detecting a similarity between
images of any one of the fourth and fifth aspects; comparing
the obtained geometric distance value with an arbitrarily set
allowed value; and judging the input image not to be the
standard image when the geometric distance value is smaller
than the allowed value, and judging the input image to be the
standard image when the geometric distance value is equal
to/larger than the allowed value.

Next, a seventh aspect of the present invention is a
method for detecting a similarity between voices, compris-
ing the steps of:

(a) creating a standard pattern matrix having a feature
quantity of a standard voice as an element and an input
pattern matrix having a feature quantity of an input voice as
an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having a
different value of variance for each specified element of the
pattern matrices, creating a reference pattern vector having
a value of the reference shape as an element, and creating a
weighting vector having a value of a change rate of a
kurtosis of the reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the standard pattern matrix to calculate a
weighting vector element number proximate to a position
apart from a center of the weighting vector by the length, and
obtaining a value of a product of an element value of the
element number of the weighting vector and an element
value of each element of the standard pattern matrix to
calculate a product-sum value obtained by adding the value
of'the product to each element of the standard pattern matrix;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the standard pattern matrix to a position of each element
thereof, and creating a weighted standard pattern matrix
having the product-sum value as an element value of the
specified element;

(e) obtaining a length between the specified element and
each element of the input pattern matrix to calculate a
weighting vector element number proximate to a position
apart from a center of the weighting vector by the length, and
obtaining a value of a product of an element value of the
element number of the weighting vector and an element
value of each element of the input pattern matrix to calculate
a product-sum value obtained by adding the value of the
product to each element of the input pattern matrix;

() when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the input pattern matrix to a position of each element
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thereof, and creating a weighted input pattern matrix having
the product-sum value as an element value of the specified
element; and

(g) defining any of a square sum and a square root of the
square sum of a value of a difference between the weighted
standard pattern matrix and the weighted input pattern
matrix for each element as a geometric distance value
between the standard pattern matrix and the input pattern
matrix.

A method for detecting a similarity between voices of an
eighth aspect of the present invention is characterized in
that, instead of the weighting vector in the seventh aspect, a
ratio value of mean values is obtained, the ratio value being
obtained by dividing a mean geometric distance value
between standard voices in the same category by a mean
geometric distance value between standard voices in differ-
ent categories, and a weighting vector having a value of a
weighting factor minimizing the ratio value of the mean
values as an element is created.

Moreover, a ninth aspect of the present invention is a
method for recognizing a voice, comprising the steps of:
obtaining the geometric distance between the standard pat-
tern matrix having the feature quantity of the standard voice
as an element and the input pattern matrix having the feature
quantity of the input voice as an element by the method for
detecting a similarity between voices of any one of the
seventh and eighth aspects; comparing the obtained geomet-
ric distance value with an arbitrarily set allowed value; and
judging the input voice not to be the standard voice when the
geometric distance value is larger than the allowed value,
and judging the input voice to be the standard voice when
the geometric distance value is equal to/smaller than the
allowed value.

Next, a tenth aspect of the present invention is another
method for detecting a similarity between voices, compris-
ing the steps of:

(a) creating an original standard pattern matrix having a
feature quantity of a standard voice as an element and an
original input pattern matrix having a feature quantity of an
input voice as an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having a
different value of variance for each specified element of the
original pattern matrices, creating a reference pattern vector
having a value of the reference shape as an element, and
creating a weighting vector having a value of a change rate
of a kurtosis of the reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the original standard pattern matrix to
calculate a weighting vector element number proximate to a
position apart from a center of the weighting vector by the
length, and obtaining a value of a product of an element
value of the element number of the weighting vector and an
element value of each element of the original standard
pattern matrix to calculate a product-sum value obtained by
adding the value of the product to each element of the
original standard pattern matrix;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the original standard pattern matrix to a position of each
element thereof, and creating an original and weighted
standard pattern matrix having the product-sum value as an
element value of the specified element;

(e) obtaining a length between the specified element and
each element of the original input pattern matrix to calculate
a weighting vector element number proximate to a position
apart from a center of the weighting vector by the length, and
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obtaining a value of a product of an element value of the
element number of the weighting vector and an element
value of each element of the original input pattern matrix to
calculate a product-sum value obtained by adding the value
of the product to each element of the original input pattern
matrix;

() when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the original input pattern matrix to a position of each
element thereof, and creating an original and weighted input
pattern matrix having the product-sum value as an element
value of the specified element; and

(g) defining a ratio value as a geometric distance value
between the original standard pattern matrix and the original
input pattern matrix, the ratio value being obtained by
dividing a product-sum value of the original and weighted
standard pattern matrix and the original and weighted input
pattern matrix for each element by a square root of a square
sum of each element of the original and weighted standard
pattern matrix and a square root of a square sum of each
element of the original and weighted input pattern matrix.

A method for detecting a similarity between voices of an
eleventh aspect of the present invention is characterized in
that, instead of the weighting vector in the tenth aspect, a
difference value of mean values is obtained, the difference
value being obtained by subtracting a mean geometric
distance value between standard voices in different catego-
ries from a mean geometric distance value between standard
voices in the same category, and a weighting vector having
a value of a weighting factor maximizing the difference
value of the mean values as an element is created.

Moreover, a twelfth aspect of the present invention is a
method for recognizing a voice, comprising the steps of:
obtaining the geometric distance between the original stan-
dard pattern matrix having the feature quantity of the
standard voice as an element and the original input pattern
matrix having the feature quantity of the input voice as an
element by the method for detecting a similarity between
voices of any one of the tenth and eleventh aspects; com-
paring the obtained geometric distance value with an arbi-
trarily set allowed value; and judging the input voice not to
be the standard voice when the geometric distance value is
smaller than the allowed value, and judging the input voice
to be the standard voice when the geometric distance value
is equal to/larger than the allowed value.

Next, a thirteenth aspect of the present invention is a
method for detecting a similarity between oscillation waves,
comprising the steps of:

(a) creating a standard pattern matrix having a feature
quantity of a standard oscillation wave as an element and an
input pattern matrix having a feature quantity of an input
oscillation wave as an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having a
different value of variance for each specified element of the
pattern matrices, creating a reference pattern vector having
a value of the reference shape as an element, and creating a
weighting vector having a value of a change rate of a
kurtosis of the reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the standard pattern matrix to calculate a
weighting vector element number proximate to a position
apart from a center of the weighting vector by the length, and
obtaining a value of a product of an element value of the
element number of the weighting vector and an element
value of each element of the standard pattern matrix to
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calculate a product-sum value obtained by adding the value
of'the product to each element of the standard pattern matrix;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the standard pattern matrix to a position of each element
thereof, and creating a weighted standard pattern matrix
having the product-sum value as an element value of the
specified element;

(e) obtaining a length between the specified element and
each element of the input pattern matrix to calculate a
weighting vector element number proximate to a position
apart from a center of the weighting vector by the length, and
obtaining a value of a product of an element value of the
element number of the weighting vector and an element
value of each element of the input pattern matrix to calculate
a product-sum value obtained by adding the value of the
product to each element of the input pattern matrix;

(f) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the input pattern matrix to a position of each element
thereof, and creating a weighted input pattern matrix having
the product-sum value as an element value of the specified
element; and

(g) defining any of a square sum and a square root of the
square sum of a value of a difference between the weighted
standard pattern matrix and the weighted input pattern
matrix for each element as a geometric distance value
between the standard pattern matrix and the input pattern
matrix.

A method for detecting a similarity between oscillation
waves of a fourteenth aspect of the present invention is
characterized in that, instead of the weighting vector in the
thirteenth aspect, a ratio value of mean values is obtained,
the ratio value being obtained by dividing a mean geometric
distance value between standard oscillation waves in the
same category by a mean geometric distance value between
standard oscillation waves in different categories, and a
weighting vector having a value of a weighting factor
minimizing the ratio value of the mean values as an element
is created.

Moreover, a fifteenth aspect of the present invention is a
method for judging an abnormality in a machine, comprising
the steps of: obtaining the geometric distance between the
standard pattern matrix having the feature quantity of the
standard oscillation wave as an element and the input pattern
matrix having the feature quantity of the input oscillation
wave as an element by the method for detecting a similarity
between oscillation waves of any one of the thirteenth and
fourteenth aspects; comparing the obtained geometric dis-
tance value with an arbitrarily set allowed value; and judg-
ing the machine to be abnormal when the geometric distance
value is larger than the allowed value, and judging the
machine to be normal when the geometric distance value is
equal to/smaller than the allowed value.

Next, a sixteenth aspect of the present invention is another
method for detecting a similarity between oscillation waves,
comprising the steps of:

(a) creating an original standard pattern matrix having a
feature quantity of a standard oscillation wave as an element
and an original input pattern matrix having a feature quantity
of an input oscillation wave as an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having a
different value of variance for each specified element of the
original pattern matrices, creating a reference pattern vector
having a value of the reference shape as an element, and
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creating a weighting vector having a value of a change rate
of a kurtosis of the reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the original standard pattern matrix to
calculate a weighting vector element number proximate to a
position apart from a center of the weighting vector by the
length, and obtaining a value of a product of an element
value of the element number of the weighting vector and an
element value of each element of the original standard
pattern matrix to calculate a product-sum value obtained by
adding the value of the product to each element of the
original standard pattern matrix;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the original standard pattern matrix to a position of each
element thereof, and creating an original and weighted
standard pattern matrix having the product-sum value as an
element value of the specified element;

(e) obtaining a length between the specified element and
each element of the original input pattern matrix to calculate
a weighting vector element number proximate to a position
apart from a center of the weighting vector by the length, and
obtaining a value of a product of an element value of the
element number of the weighting vector and an element
value of each element of the original input pattern matrix to
calculate a product-sum value obtained by adding the value
of the product to each element of the original input pattern
matrix;

() when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the original input pattern matrix to a position of each
element thereof, and creating an original and weighted input
pattern matrix having the product-sum value as an element
value of the specified element; and

(g) defining a ratio value as a geometric distance value
between the original standard pattern matrix and the original
input pattern matrix, the ratio value being obtained by
dividing a product-sum value of the original and weighted
standard pattern matrix and the original and weighted input
pattern matrix for each element by a square root of a square
sum of each element of the original and weighted standard
pattern matrix and a square root of a square sum of each
element of the original and weighted input pattern matrix.

A method for detecting a similarity between oscillation
waves of a seventeenth aspect of the present invention is
characterized in that, instead of the weighting vector in the
sixteenth aspect, a difference value of mean values is
obtained, the difference value being obtained by subtracting
a mean geometric distance value between standard oscilla-
tion waves in different categories from a mean geometric
distance value between standard oscillation waves in the
same category, and a weighting vector having a value of a
weighting factor maximizing the difference value of the
mean values as an element is created.

Moreover, an eighteenth aspect of the present invention is
a method for judging an abnormality in a machine, com-
prising the steps of: obtaining the geometric distance
between the original standard pattern matrix having the
feature quantity of the standard oscillation wave as an
element and the original input pattern matrix having the
feature quantity of the input oscillation wave as an element
by the method for detecting a similarity between oscillation
waves of any one of the sixteenth and seventeenth aspects;
comparing the obtained geometric distance value with an
arbitrarily set allowed value; and judging the machine to be
abnormal when the geometric distance value is smaller than
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the allowed value, and judging the machine to be normal
when the geometric distance value is equal to/larger than the
allowed value.

Next, a nineteenth aspect of the present invention is a
method for detecting a similarity between moving images,
comprising the steps of:

(a) creating a standard pattern matrix layer having a
feature quantity of a standard moving image as an element
and an input pattern matrix layer having a feature quantity
of an input moving image as an eclement;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having a
different value of variance for each specified element of the
pattern matrix layers, creating a reference pattern vector
having a value of the reference shape as an element, and
creating a weighting vector having a value of a change rate
of a kurtosis of the reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the standard pattern matrix layer to calculate
a weighting vector element number proximate to a position
apart from a center of the weighting vector by the length, and
obtaining a value of a product of an element value of the
element number of the weighting vector and an element
value of each element of the standard pattern matrix layer to
calculate a product-sum value obtained by adding the value
of'the product to each element of the standard pattern matrix
layer;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the standard pattern matrix layer to a position of each
element thereof, and creating a weighted standard pattern
matrix layer having the product-sum value as an element
value of the specified element;

(e) obtaining a length between the specified element and
each element of the input pattern matrix layer to calculate a
weighting vector element number proximate to a position
apart from a center of the weighting vector by the length, and
obtaining a value of a product of an element value of the
element number of the weighting vector and an element
value of each element of the input pattern matrix layer to
calculate a product-sum value obtained by adding the value
of the product to each element of the input pattern matrix
layer;

(f) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the input pattern matrix layer to a position of each element
thereof, and creating a weighted input pattern matrix layer
having the product-sum value as an element value of the
specified element; and

(g) defining any of a square sum and a square root of the
square sum of a value of a difference between the weighted
standard pattern matrix layer and the weighted input pattern
matrix layer for each element as a geometric distance value
between the standard pattern matrix layer and the input
pattern matrix layer.

A method for detecting a similarity between moving
images of a twentieth aspect of the present invention is
characterized in that, instead of the weighting vector in the
nineteenth aspect, a ratio value of mean values is obtained,
the ratio value being obtained by dividing a mean geometric
distance value between standard moving images in the same
category by a mean geometric distance value between
standard moving images in different categories, and a
weighting vector having a value of a weighting factor
minimizing the ratio value of the mean values as an element
is created.
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Moreover, a twenty-first aspect of the present invention is
a method for recognizing a moving image, comprising the
steps of: obtaining the geometric distance between the
standard pattern matrix layer having the feature quantity of
the standard moving image as an element and the input
pattern matrix layer having the feature quantity of the input
moving image as an element by the method for detecting a
similarity between moving images of any one of the nine-
teenth and twentieth aspects; comparing the obtained geo-
metric distance value with an arbitrarily set allowed value;
and judging the input moving image not to be the standard
moving image when the geometric distance value is larger
than the allowed value, and judging the input moving image
to be the standard moving image when the geometric
distance value is equal to/smaller than the allowed value.

Next, a twenty-second aspect of the present invention is
another method for detecting a similarity between moving
images, comprising the steps of:

(a) creating an original standard pattern matrix layer
having a feature quantity of a standard moving image as an
element and an original input pattern matrix layer having a
feature quantity of an input moving image as an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having a
different value of variance for each specified element of the
original pattern matrix layers, creating a reference pattern
vector having a value of the reference shape as an element,
and creating a weighting vector having a value of a change
rate of a kurtosis of the reference pattern vector as an
element;

(c) obtaining a length between the specified element and
each element of the original standard pattern matrix layer to
calculate a weighting vector element number proximate to a
position apart from a center of the weighting vector by the
length, and obtaining a value of a product of an element
value of the element number of the weighting vector and an
element value of each element of the original standard
pattern matrix layer to calculate a product-sum value
obtained by adding the value of the product to each element
of the original standard pattern matrix layer;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the original standard pattern matrix layer to a position of
each element thereof, and creating an original and weighted
standard pattern matrix layer having the product-sum value
as an element value of the specified element;

(e) obtaining a length between the specified element and
each element of the original input pattern matrix layer to
calculate a weighting vector element number proximate to a
position apart from a center of the weighting vector by the
length, and obtaining a value of a product of an element
value of the element number of the weighting vector and an
element value of each element of the original input pattern
matrix layer to calculate a product-sum value obtained by
adding the value of the product to each element of the
original input pattern matrix layer;

() when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the original input pattern matrix layer to a position of each
element thereof, and creating an original and weighted input
pattern matrix layer having the product-sum value as an
element value of the specified element; and

(g) defining a ratio value as a geometric distance value
between the original standard pattern matrix layer and the
original input pattern matrix layer, the ratio value being
obtained by dividing a product-sum value of the original and
weighted standard pattern matrix layer and the original and
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weighted input pattern matrix layer for each element by a
square root of a square sum of each element of the original
and weighted standard pattern matrix layer and a square root
of'a square sum of each element of the original and weighted
input pattern matrix layer.

A method for detecting a similarity between moving
images of a twenty-third aspect of the present invention is
characterized in that, instead of the weighting vector in the
twenty-second aspect, a difference value of mean values is
obtained, the difference value being obtained by subtracting
a mean geometric distance value between standard moving
images in different categories from a mean geometric dis-
tance value between standard moving images in the same
category, and a weighting vector having a value of a
weighting factor maximizing the difference value of the
mean values as an element is created.

Moreover, a twenty-fourth aspect of the present invention
is a method for recognizing a moving image, comprising the
steps of: obtaining the geometric distance between the
original standard pattern matrix layer having the feature
quantity of the standard moving image as an element and the
original input pattern matrix layer having the feature quan-
tity of the input moving image as an element by the method
for detecting a similarity between moving images of any one
of the twenty-second and twenty-third aspects; comparing
the obtained geometric distance value with an arbitrarily set
allowed value; and judging the input moving image not be
the standard moving image when the geometric distance
value is smaller than the allowed value, and judging the
input moving image to be the standard moving image when
the geometric distance value is equal to/larger than the
allowed value.

Next, a twenty-fifth aspect of the present invention is a
method for detecting a similarity between solids, comprising
the steps of:

(a) creating a standard pattern matrix layer having a
feature quantity of a standard solid as an element and an
input pattern matrix layer having a feature quantity of an
input solid as an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having a
different value of variance for each specified element of the
pattern matrix layers, creating a reference pattern vector
having a value of the reference shape as an element, and
creating a weighting vector having a value of a change rate
of a kurtosis of the reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the standard pattern matrix layer to calculate
a weighting vector element number proximate to a position
apart from a center of the weighting vector by the length, and
obtaining a value of a product of an element value of the
element number of the weighting vector and an element
value of each element of the standard pattern matrix layer to
calculate a product-sum value obtained by adding the value
of'the product to each element of the standard pattern matrix
layer;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the standard pattern matrix layer to a position of each
element thereof, and creating a weighted standard pattern
matrix layer having the product-sum value as an element
value of the specified element;

(e) obtaining a length between the specified element and
each element of the input pattern matrix layer to calculate a
weighting vector element number proximate to a position
apart from a center of the weighting vector by the length, and
obtaining a value of a product of an element value of the
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element number of the weighting vector and an element
value of each element of the input pattern matrix layer to
calculate a product-sum value obtained by adding the value
of the product to each element of the input pattern matrix
layer;

() when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the input pattern matrix layer to a position of each element
thereof, and creating a weighted input pattern matrix layer
having the product-sum value as an element value of the
specified element; and

(g) defining any of a square sum and a square root of the
square sum of a value of a difference between the weighted
standard pattern matrix layer and the weighted input pattern
matrix layer for each element as a geometric distance value
between the standard pattern matrix layer and the input
pattern matrix layer.

A method for detecting a similarity between solids of a
twenty-sixth aspect of the present invention is characterized
in that, instead of the weighting vector in the twenty-fifth
aspect, a ratio value of mean values is obtained, the ratio
value being obtained by dividing a mean geometric distance
value between standard solids in the same category by a
mean geometric distance value between standard solids in
different categories, and a weighting vector having a value
of'a weighting factor minimizing the ratio value of the mean
values as an element is created.

Moreover, a twenty-seventh aspect of the present inven-
tion is a method for recognizing a solid, comprising the steps
of: obtaining the geometric distance between the standard
pattern matrix layer having the feature quantity of the
standard solid as an element and the input pattern matrix
layer having the feature quantity of the input solid as an
element by the method for detecting a similarity between
solids of any one of the twenty-fifth and twenty-sixth
aspects; comparing the obtained geometric distance value
with an arbitrarily set allowed value; and judging the input
solid not to be the standard solid when the geometric
distance value is larger than the allowed value, and judging
the input solid to be the standard solid when the geometric
distance value is equal to/smaller than the allowed value.

Next, a twenty-eighth aspect of the present invention is
another method for detecting a similarity between solids,
comprising the steps of:

(a) creating an original standard pattern matrix layer
having a feature quantity of a standard solid as an element
and an original input pattern matrix layer having a feature
quantity of an input solid as an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having a
different value of variance for each specified element of the
original pattern matrix layers, creating a reference pattern
vector having a value of the reference shape as an element,
and creating a weighting vector having a value of a change
rate of a kurtosis of the reference pattern vector as an
element;

(c) obtaining a length between the specified element and
each element of the original standard pattern matrix layer to
calculate a weighting vector element number proximate to a
position apart from a center of the weighting vector by the
length, and obtaining a value of a product of an element
value of the element number of the weighting vector and an
element value of each element of the original standard
pattern matrix layer to calculate a product-sum value
obtained by adding the value of the product to each element
of the original standard pattern matrix layer;
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(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the original standard pattern matrix layer to a position of
each element thereof, and creating an original and weighted
standard pattern matrix layer having the product-sum value
as an element value of the specified element;

(e) obtaining a length between the specified element and
each element of the original input pattern matrix layer to
calculate a weighting vector element number proximate to a
position apart from a center of the weighting vector by the
length, and obtaining a value of a product of an element
value of the element number of the weighting vector and an
element value of each element of the original input pattern
matrix layer to calculate a product-sum value obtained by
adding the value of the product to each element of the
original input pattern matrix layer;

(f) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the original input pattern matrix layer to a position of each
element thereof, and creating an original and weighted input
pattern matrix layer having the product-sum value as an
element value of the specified element; and

(g) defining a ratio value as a geometric distance value
between the original standard pattern matrix layer and the
original input pattern matrix layer, the ratio value being
obtained by dividing a product-sum value of the original and
weighted standard pattern matrix layer and the original and
weighted input pattern matrix layer for each element by a
square root of a square sum of each element of the original
and weighted standard pattern matrix layer and a square root
of'a square sum of each element of the original and weighted
input pattern matrix layer.

A method for detecting a similarity between solids of a
twenty-ninth aspect of the present invention is characterized
in that, instead of the weighting vector in the twenty-eighth
aspect, a difference value of mean values is obtained, the
difference value being obtained by subtracting a mean
geometric distance value between standard solids in differ-
ent categories from a mean geometric distance value
between standard solids in the same category, and a weight-
ing vector having a value of a weighting factor maximizing
the difference value of the mean values as an element is
created.

Moreover, a thirtieth aspect of the present invention is a
method for recognizing a solid, comprising the steps of:
obtaining the geometric distance between the original stan-
dard pattern matrix layer having the feature quantity of the
standard solid as an element and the original input pattern
matrix layer having the feature quantity of the input solid as
an element by the method for detecting a similarity between
solids of any one of the twenty-eighth and twenty-ninth
aspects; comparing the obtained geometric distance value
with an arbitrarily set allowed value; and judging the input
solid not be the standard solid when the geometric distance
value is smaller than the allowed value, and judging the
input solid to be the standard solid when the geometric
distance value is equal to/larger than the allowed value.

Next, a thirty-first aspect of the present invention is
another method for detecting a similarity between voices,
comprising the steps of:

(a) creating a standard pattern vector having a feature
quantity of a standard voice as an element and an input
pattern vector having a feature quantity of an input voice as
an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having a
different value of variance for each specified element of the
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pattern vectors, creating a reference pattern vector having a
value of the reference shape as an element, and creating a
weighting vector having a value of a change rate of a
kurtosis of the reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the standard pattern vector to calculate a
weighting vector element number proximate to a position
apart from a center of the weighting vector by the length, and
obtaining a value of a product of an element value of the
element number of the weighting vector and an element
value of each element of the standard pattern vector to
calculate a product-sum value obtained by adding the value
of'the product to each element of the standard pattern vector;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the standard pattern vector to a position of each element
thereof, and creating a weighted standard pattern vector
having the product-sum value as an element value of the
specified element;

(e) obtaining a length between the specified element and
each element of the input pattern vector to calculate a
weighting vector element number proximate to a position
apart from a center of the weighting vector by the length, and
obtaining a value of a product of an element value of the
element number of the weighting vector and an element
value of each element of the input pattern vector to calculate
a product-sum value obtained by adding the value of the
product to each element of the input pattern vector;

() when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the input pattern vector to a position of each element thereof,
and creating a weighted input pattern vector having the
product-sum value as an element value of the specified
element; and

(g) defining any of a square sum and a square root of the
square sum of a value of a difference between the weighted
standard pattern vector and the weighted input pattern vector
for each element as a geometric distance value between the
standard pattern vector and the input pattern vector.

A method for detecting a similarity between voices of a
thirty-second aspect of the present invention is characterized
in that, instead of the weighting vector in the thirty-first
aspect, a ratio value of mean values is obtained, the ratio
value being obtained by dividing a mean geometric distance
value between standard voices in the same category by a
mean geometric distance value between standard voices in
different categories, and a weighting vector having a value
of'a weighting factor minimizing the ratio value of the mean
values as an element is created.

Moreover, a thirty-third aspect of the present invention is
a method for recognizing a voice, comprising the steps of:
obtaining the geometric distance between the standard pat-
tern vector having the feature quantity of the standard voice
as an element and the input pattern vector having the feature
quantity of the input voice as an element by the method for
detecting a similarity between voices of any one of the
thirty-first and thirty-second aspects; comparing the
obtained geometric distance value with an arbitrarily set
allowed value; and judging the input voice not to be the
standard voice when the geometric distance value is larger
than the allowed value, and judging the input voice to be the
standard voice when the geometric distance value is equal
to/smaller than the allowed value.

Next, a thirty-fourth aspect of the present invention is still
another method for detecting a similarity between voices,
comprising the steps of:
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(a) creating an original standard pattern vector having a
feature quantity of a standard voice as an element and an
original input pattern vector having a feature quantity of an
input voice as an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having a
different value of variance for each specified element of the
original pattern vectors, creating a reference pattern vector
having a value of the reference shape as an element, and
creating a weighting vector having a value of a change rate
of a kurtosis of the reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the original standard pattern vector to
calculate a weighting vector element number proximate to a
position apart from a center of the weighting vector by the
length, and obtaining a value of a product of an element
value of the element number of the weighting vector and an
element value of each element of the original standard
pattern vector to calculate a product-sum value obtained by
adding the value of the product to each element of the
original standard pattern vector;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the original standard pattern vector to a position of each
element thereof, and creating an original and weighted
standard pattern vector having the product-sum value as an
element value of the specified element;

(e) obtaining a length between the specified element and
each element of the original input pattern vector to calculate
a weighting vector element number proximate to a position
apart from a center of the weighting vector by the length, and
obtaining a value of a product of an element value of the
element number of the weighting vector and an element
value of each element of the original input pattern vector to
calculate a product-sum value obtained by adding the value
of the product to each element of the original input pattern
vector;

(f) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the original input pattern vector to a position of each element
thereof, and creating an original and weighted input pattern
vector having the product-sum value as an element value of
the specified element; and

(g) defining a ratio value as a geometric distance value
between the original standard pattern vector and the original
input pattern vector, the ratio value being obtained by
dividing a product-sum value of the original and weighted
standard pattern vector and the original and weighted input
pattern vector for each element by a square root of a square
sum of each element of the original and weighted standard
pattern vector and a square root of a square sum of each
element of the original and weighted input pattern vector.

A method for detecting a similarity between voices of a
thirty-fifth aspect of the present invention is characterized in
that, instead of the weighting vector in the thirty-fourth
aspect, a difference value of mean values is obtained, the
difference value being obtained by subtracting a mean
geometric distance value between standard voices in differ-
ent categories from a mean geometric distance value
between standard voices in the same category, and a weight-
ing vector having a value of a weighting factor maximizing
the difference value of the mean values as an element is
created.

Moreover, a thirty-sixth aspect of the present invention is
a method for recognizing a voice, comprising the steps of:
obtaining the geometric distance between the original stan-
dard pattern vector having the feature quantity of the stan-
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dard voice as an element and the original input pattern vector
having the feature quantity of the input voice as an element
by the method for detecting a similarity between voices of
any one of the thirty-fourth and thirty-fifth aspects; com-
paring the obtained geometric distance value with an arbi-
trarily set allowed value; and judging the input voice not to
be the standard voice when the geometric distance value is
smaller than the allowed value, and judging the input voice
to be the standard voice when the geometric distance value
is equal to/larger than the allowed value.

Next, a thirty-seventh aspect of the present invention is
another method for detecting a similarity between oscillation
waves, comprising the steps of:

(a) creating a standard pattern vector having a feature
quantity of a standard oscillation wave as an element and an
input pattern vector having a feature quantity of an input
oscillation wave as an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having a
different value of variance for each specified element of the
pattern vectors, creating a reference pattern vector having a
value of the reference shape as an element, and creating a
weighting vector having a value of a change rate of a
kurtosis of the reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the standard pattern vector to calculate a
weighting vector element number proximate to a position
apart from a center of the weighting vector by the length, and
obtaining a value of a product of an element value of the
element number of the weighting vector and an element
value of each element of the standard pattern vector to
calculate a product-sum value obtained by adding the value
of'the product to each element of the standard pattern vector;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the standard pattern vector to a position of each element
thereof, and creating a weighted standard pattern vector
having the product-sum value as an element value of the
specified element;

(e) obtaining a length between the specified element and
each element of the input pattern vector to calculate a
weighting vector element number proximate to a position
apart from a center of the weighting vector by the length, and
obtaining a value of a product of an element value of the
element number of the weighting vector and an element
value of each element of the input pattern vector to calculate
a product-sum value obtained by adding the value of the
product to each element of the input pattern vector;

() when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the input pattern vector to a position of each element thereof,
and creating a weighted input pattern vector having the
product-sum value as an element value of the specified
element; and

(g) defining any of a square sum and a square root of the
square sum of a value of a difference between the weighted
standard pattern vector and the weighted input pattern vector
for each element as a geometric distance value between the
standard pattern vector and the input pattern vector.

A method for detecting a similarity between oscillation
waves of a thirty-eighth aspect of the present invention is
characterized in that, instead of the weighting vector in the
thirty-seventh aspect, a ratio value of mean values is
obtained, the ratio value being obtained by dividing a mean
geometric distance value between standard oscillation
waves in the same category by a mean geometric distance
value between standard oscillation waves in different cat-
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egories, and a weighting vector having a value of a weight-
ing factor minimizing the ratio value of the mean values as
an element is created.

Moreover, a thirty-ninth aspect of the present invention is
a method for judging an abnormality in a machine, com-
prising the steps of: obtaining the geometric distance
between the standard pattern vector having the feature
quantity of the standard oscillation wave as an element and
the input pattern vector having the feature quantity of the
input oscillation wave as an element by the method for
detecting a similarity between oscillation waves of any one
of the thirty-seventh and thirty-eighth aspects; comparing
the obtained geometric distance value with an arbitrarily set
allowed value; and judging the machine to be abnormal
when the geometric distance value is larger than the allowed
value, and judging the machine to be normal when the
geometric distance value is equal to/smaller than the allowed
value.

Next, a fortieth aspect of the present invention is still
another method for detecting a similarity between oscillation
waves, comprising the steps of:

(a) creating an original standard pattern vector having a
feature quantity of a standard oscillation wave as an element
and an original input pattern vector having a feature quantity
of an input oscillation wave as an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having a
different value of variance for each specified element of the
original pattern vectors, creating a reference pattern vector
having a value of the reference shape as an element, and
creating a weighting vector having a value of a change rate
of a kurtosis of the reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the original standard pattern vector to
calculate a weighting vector element number proximate to a
position apart from a center of the weighting vector by the
length, and obtaining a value of a product of an element
value of the element number of the weighting vector and an
element value of each element of the original standard
pattern vector to calculate a product-sum value obtained by
adding the value of the product to each element of the
original standard pattern vector;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the original standard pattern vector to a position of each
element thereof, and creating an original and weighted
standard pattern vector having the product-sum value as an
element value of the specified element;

(e) obtaining a length between the specified element and
each element of the original input pattern vector to calculate
a weighting vector element number proximate to a position
apart from a center of the weighting vector by the length, and
obtaining a value of a product of an element value of the
element number of the weighting vector and an element
value of each element of the original input pattern vector to
calculate a product-sum value obtained by adding the value
of the product to each element of the original input pattern
vector;

(f) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element of
the original input pattern vector to a position of each element
thereof, and creating an original and weighted input pattern
vector having the product-sum value as an element value of
the specified element; and

(g) defining a ratio value as a geometric distance value
between the original standard pattern vector and the original
input pattern vector, the ratio value being obtained by
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dividing a product-sum value of the original and weighted
standard pattern vector and the original and weighted input
pattern vector for each element by a square root of a square
sum of each element of the original and weighted standard
pattern vector and a square root of a square sum of each
element of the original and weighted input pattern vector.

A method for detecting a similarity between oscillation
waves of a forty-first aspect of the present invention is
characterized in that, instead of the weighting vector in the
fortieth aspect, a difference value of mean values is obtained,
the difference value being obtained by subtracting a mean
geometric distance value between standard oscillation
waves in different categories from a mean geometric dis-
tance value between standard oscillation waves in the same
category, and a weighting vector having a value of a
weighting factor maximizing the difference value of the
mean values as an element is created.

Moreover, a forty-second aspect of the present invention
is a method for judging an abnormality in a machine,
comprising the steps of: obtaining the geometric distance
between the original standard pattern vector having the
feature quantity of the standard oscillation wave as an
element and the original input pattern vector having the
feature quantity of the input oscillation wave as an element
by the method for detecting a similarity between oscillation
waves of any one of the fortieth and forty-first aspects;
comparing the obtained geometric distance value with an
arbitrarily set allowed value; and judging the machine to be
abnormal when the geometric distance value is smaller than
the allowed value, and judging the machine to be normal
when the geometric distance value is equal to/larger than the
allowed value.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing one example of an image of
an alphabet “E” in one embodiment of the present invention.

FIG. 2A is a diagram showing a method for expressing an
original standard pattern matrix on an (x-y) plane.

FIG. 2B is a diagram showing a method for expressing an
original input pattern matrix on the (x-y) plane.

FIG. 3A is a diagram showing a method for expressing a
standard pattern matrix on an (x-y) plane.

FIG. 3B is a diagram showing a method for expressing an
input pattern matrix on the (x-y) plane.

FIG. 4A is a diagram showing one example of a normal
curve.

FIG. 4B is a diagram showing one example of a positive
reference pattern vector having a value of the normal curve
as an element.

FIG. 4C is a diagram showing one example of a negative
reference pattern vector having the value of the normal
curve as an element.

FIG. 5A is a diagram showing a case where only a center
portion of the positive reference pattern vector is increased.

FIG. 5B is a graph showing a change of a kurtosis of the
positive reference pattern vector with respect to an increas-
ing quantity of the center portion of FIG. 5A.

FIG. 6A is a diagram showing a case where only a side
portion of the positive reference pattern vector is increased.

FIG. 6B is a graph showing a change of the kurtosis of the
positive reference pattern vector with respect to an increas-
ing quantity of the side portion of FIG. 6A.

FIG. 7A is a diagram showing a case where only an edge
portion of the positive reference pattern vector is increased.
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FIG. 7B is a graph showing a change of the kurtosis of the
positive reference pattern vector with respect to an increas-
ing quantity of the edge portion of FIG. 7A.

FIG. 8A is a diagram showing a case where the center and
side portions of the positive reference pattern vector are
increased simultaneously.

FIG. 8B is a graph showing changes of the kurtoses of the
positive reference pattern vector with respect to increasing
quantities of the center and side portions of FIG. 8A.

FIG. 9A is a diagram showing a case where the side and
edge portions of the positive reference pattern vector are
increased simultaneously.

FIG. 9B is a graph showing changes of the kurtoses of the
positive reference pattern vector with respect to increasing
quantities of the side and edge portions of FIG. 9A.

FIG. 10A is a diagram showing a case where the center
and edge portions of the positive reference pattern vector are
increased simultaneously.

FIG. 10B is a graph showing changes of the kurtoses of
the positive reference pattern vector with respect to increas-
ing quantities of the center and edge portions of FIG. 10A.

FIG. 11A is a diagram showing a case where the center
and side portions of the positive reference pattern vector are
increased simultaneously.

FIG. 11B is a graph showing changes of the kurtoses of
the positive reference pattern vector with respect to increas-
ing quantities of the center and side portions of FIG. 11A.

FIG. 12A is a diagram showing a case where the side and
edge portions of the positive reference pattern vector are
increased simultaneously.

FIG. 12B is a graph showing changes of the kurtoses of
the positive reference pattern vector with respect to increas-
ing quantities of the side and edge portions of FIG. 12A.

FIG. 13A is a diagram showing a case where the center
and edge portions of the positive reference pattern vector are
increased simultaneously.

FIG. 13B is a graph showing changes of the kurtoses of
the positive reference pattern vector with respect to increas-
ing quantities of the center and edge portions of FIG. 13A.

FIGS. 14A and 14B are diagrams showing an example of
creating a weighting vector based on a change rate of a
kurtosis of a reference pattern vector.

FIGS. 15A and 15B are diagrams showing a relationship
between the normal curve and a weighting curve and a
relationship between the reference pattern vector and the
weighting vector.

FIG. 16 is a diagram showing the normal curve on an
(x-y) normalized plane three-dimensionally.

FIG. 17 is a diagram showing the weighting curve on the
(x-y) normalized plane three-dimensionally.

FIG. 18 is a diagram showing a change example of a value
of variance of the normal curve and a change example of a
length between the center of the normal curve and a point (i,,
i,) when the center of the normal curve is moved.

FIG. 19 is a diagram showing a change example of the
weighting curve and a change example of a length between
the center of the weighting curve and the point (i, i,) when
the center of the weighting curve is moved.

FIG. 20 is a diagram showing a relationship among a
point of a weighted standard pattern matrix, a point of a
weighted input pattern matrix, a point of an original and
weighted standard pattern matrix and a point of an original
and weighted input pattern matrix.

FIG. 21 is a diagram showing examples of densities of a
standard image and input images.
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FIG. 22 is a diagram showing examples of original pattern
matrices of the standard image and the input images, cor-
responding to those of FIG. 21.

FIG. 23 is a diagram showing other examples of the
densities of a standard image and input images.

FIG. 24 is a diagram showing examples of original pattern
matrices of the standard image and the input images, cor-
responding to those of FIG. 23.

FIG. 25 is a graph showing a state where values of
geometric distances between a standard pattern matrix and
input pattern matrices are changed with respect to a in FIG.
22.

FIG. 26 is a graph showing a state where values of
geometric distances between an original standard pattern
matrix and original input pattern matrices are changed with
respect to a in FIG. 22.

FIG. 27 is a graph showing a state where the values of the
geometric distances between the standard pattern matrix and
the input pattern matrices are changed with respect to 3 in
FIG. 24.

FIG. 28 is a graph showing a state where the values of the
geometric distances between the original standard pattern
matrix and the original input pattern matrices are changed
with respect to § in FIG. 24.

FIG. 29 is a diagram showing other examples of densities
of a standard image and input images.

FIG. 30 is a diagram showing examples of original pattern
matrices and pattern matrices of the standard image and the
input images, corresponding to those of FIG. 29.

FIG. 31A is a bar graph showing values of Euclid dis-
tances between

the standard image and an input image same as the standard
image and between the standard image and input images
different from the standard image, the bar graph being
obtained as a result of an experiment.

FIG. 31B is a bar graph showing values of geometric
distances between the standard image and the input image
same as the standard image and between the standard image
and the input images different from the standard image, the
bar graph being obtained as a result of the experiment.

FIG. 32A is a bar graph showing values of cosines of
angles between the standard image and the input image same
as the standard image and between the standard image and
the input images different from the standard image, the bar
graph being obtained as a result of the experiment.

FIG. 32B is a bar graph showing values of geometric
distances between the standard image and the input image
same as the standard image and between the standard image
and the input images different from the standard image, the
bar graph being obtained as a result of the experiment.

FIG. 33 is a block diagram showing a flowchart for
recognizing an image.

FIG. 34 is a block diagram showing a flowchart for
calculating an element value of the weighted standard pat-
tern matrix.

FIG. 35 is a block diagram showing a flowchart for
calculating an element value of the weighted input pattern
matrix.

FIG. 36 is a schematic diagram showing a processing
procedure for calculating the element value of the weighted
standard pattern matrix.

FIG. 37 is a schematic diagram showing a processing
procedure for calculating the element value of the weighted
input pattern matrix.

FIG. 38 is a block diagram showing another flowchart for
recognizing an image.
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FIG. 39 is a block diagram showing a flowchart for
calculating an element value of the original and weighted
standard pattern matrix.

FIG. 40 is a block diagram showing a flowchart for
calculating an element value of the original and weighted
input pattern matrix.

FIG. 41 is a schematic diagram showing a processing
procedure for calculating an element value of the original
and weighted standard pattern matrix.

FIG. 42 is a schematic diagram showing a processing
procedure for calculating an element value of the original
and weighted input pattern matrix.

FIG. 43 is a block diagram showing a structure of an
apparatus for detecting a similarity between images.

FIG. 44 is a block diagram showing another structure of
the apparatus for detecting a similarity between images.

FIG. 45 is diagrams showing two examples of binary
images of an alphabet “E” and two examples of binary
images of an alphabet “F”.

FIG. 46A is a diagram showing change examples of
normal curves when values of variance are changed.

FIG. 46B is a diagram showing change examples of
weighting curves created based on change rates of kurtoses
of the normal curves.

FIG. 47 is a graph showing a change in a ratio value of
mean values of geometric distances calculated by use of the
weighting curves created based on the change rates of the
kurtoses of the normal curves.

FIG. 48 is a graph showing a change in a difference value
of the mean values of the geometric distances calculated by
use of the weighting curves created based on the change
rates of the kurtoses of the normal curves.

FIG. 49 is a diagram showing change examples of weight-
ing curves created based on cosine functions.

FIG. 50 is a graph showing a change in a ratio value of
mean values of geometric distances calculated by use of the
weighting curves created based on the cosine functions.

FIG. 51 is a graph showing a change in a difference value
of the mean values of the geometric distances calculated by
use of the weighting curves created based on the cosine
functions.

FIGS. 52A to 52C are diagrams showing examples of
expanding and contracting a u-axis with respect to the
weighting curve created based on the change rate of the
kurtoses of the normal curve.

FIGS. 53A to 53C are diagrams showing examples of
expanding and contracting the u-axis with respect to the
weighting curve created based on the cosine function.

FIGS. 54 A and 54B are diagrams showing an example of
expanding and contracting the u-axis with respect to one
weighting curve as the center of the weighting curve is
moved on an (x-y) normalized plane.

FIGS. 55A and 55B are diagrams showing another
example of expanding and contracting the u-axis with
respect to one weighting curve as the center of the weighting
curve is moved on the (x-y) normalized plane.

FIG. 56 is a block diagram showing a flowchart for
calculating an optimal weighting curve.

FIG. 57 is a block diagram showing a flowchart for
calculating the ratio value of the mean values.

FIG. 58 is a block diagram showing another flowchart for
calculating the optimal weighting curve.

FIG. 59 is a block diagram showing a flowchart for
calculating the difference value of the mean values.

FIG. 60 is a diagram showing one example of a moving
image where an action of a pen that writes the alphabet “E”
is imaged with passage of time.
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FIG. 61 is a diagram showing a method for expressing an
original standard pattern matrix layer in an (X-y-time) space.
FIG. 62 is a diagram showing a method for expressing an
original input pattern matrix layer in the (x-y-time) space.

FIG. 63 is a diagram showing a method for expressing a
standard pattern matrix layer in the (x-y-time) space.

FIG. 64 is a diagram showing a method for expressing an
input pattern matrix layer in the (x-y-time) space.

FIG. 65A is a diagram showing another example of the
normal curve.

FIG. 65B is a diagram showing another example of the
positive reference pattern vector having the value of the
normal curve as the element.

FIG. 65C is a diagram showing another example of the
negative reference pattern vector having the value of the
normal curve as the element.

FIGS. 66A and 66B are diagrams showing another
example of creating the weighting vector based on the
change rate of the kurtosis of the reference pattern vector.

FIG. 67 is a diagram showing a density distribution of a
solid.

FIG. 68 is a diagram showing frequency-normalized
segments.

FIG. 69A is a diagram showing still another example of
the normal curve.

FIG. 69B is a diagram showing still another example of
the positive reference pattern vector having the value of the
normal curve as the element.

FIG. 69C is a diagram showing still another example of
the negative reference pattern vector having the value of the
normal curve as the element.

FIGS. 70A and 70B are diagrams showing still another
example of creating the weighting vector based on the
change rate of the kurtosis of the reference pattern vector.

FIG. 71A is a diagram showing examples of densities of
a standard image and an input image with regard to a prior
art.

FIG. 71B is a diagram showing examples of original
pattern matrices with regard to the prior art.

FIG. 71C is a diagram showing examples of pattern
matrices with regard to the prior art.

FIG. 72 is diagrams showing two examples of binary
images of the alphabet “E” and two examples of binary
images of the alphabet “F”.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Hereinafter, description will be made for embodiments of
the present invention.

[Description of Principles]

Description will be made for the principles of the present
invention with regard to the case of using the normal
distribution as a reference shape. Moreover, representing a
pattern matrix (or an original pattern matrix), a pattern
matrix layer (or an original pattern matrix layer), and a
pattern vector (or an original pattern vector), with regard to
a geometric distance between a standard pattern matrix and
an input pattern matrix (or an original standard patter matrix
and an original input pattern matrix), description will be
made for the principles of the present invention.

[Principle 1]

First, in the related art (Japanese Patent Application No.
2000-277749) and the prior art (the gazette of Japanese
Patent Laid-Open No. Hei 10(1998)-253444), a shape
change between the standard pattern matrix and the input
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pattern matrix is substituted with shape changes of reference
pattern vectors with values of the normal distribution as
elements. Moreover, sizes in shape change of the reference
pattern vectors are numerically evaluated as variations in
kurtosis. Thus, a degree of the similarity between the stan-
dard pattern matrix and the input pattern matrix is detected
as a value of the geometric distance.

Specifically, in the method described above, comparison
is made in size between an element value of the standard
pattern matrix and an element value of the input pattern
matrix for each element of the pattern matrix, the reference
pattern vector is changed in shape with regard to the entire
elements in which the input pattern matrix is changed with
respect to the standard pattern matrix, and thus a value of the
kurtosis of the reference pattern vector changed in shape is
directly obtained to calculate shape variations.

In order to solve the first subject, the present invention
adopts a method to be described below instead of the
above-described direct method. Namely, a value of a product
of a change rate of the kurtosis of the reference pattern
vector and a variation thereof is obtained, and a value of a
product sum is obtained by adding the value of the product
to the entire elements in which the input pattern matrix is
changed with respect to the standard pattern matrix. Thus,
shape variations are calculated. Even by use of this method,
approximately the same result can be acquired. Next, the
shape variations can be decomposed into two operations
below: a product-sum operation of an element value of a
weighting vector having, as an element, the value of a
change rate of the kurtosis of the reference pattern vector
and an element value of the standard pattern matrix; and a
product-sum operation of an element value of the weighting
vector and an element value of the input pattern matrix.

Accordingly, creation of a weighted standard pattern
matrix by the product-sum operation of the element value of
the weighting vector and the element value of the standard
pattern matrix and creation of a weighted input pattern
matrix by the product-sum operation of the element value of
the weighting vector and the element value of the input
pattern matrix can be carried out independently of each
other. Consequently, the conventional calculation for the
Euclid distance is carried out by use of the weighted
standard pattern matrix and the weighted input pattern
matrix, thus making it possible to calculate the value of the
geometric distance.

Meanwhile, also for the original standard pattern matrix
and the original input pattern matrix, which are created
without normalizing a density pattern of an image, similarly
to the above, the element value of the weighting vector and
the element value of the original standard pattern matrix are
subjected to the product-sum operation to create an original
and weighted standard pattern matrix. Moreover, the ele-
ment value of the weighting vector and the element value of
the original input pattern matrix are subjected to the product-
sum operation to create the original and weighted input
pattern matrix. By use of the original and weighted standard
pattern matrix and the original and weighted input pattern
matrix, the conventional calculation for a cosine of an angle
is carried out, thus making it possible to calculate the value
of the geometric distance.

Concretely, a normal distribution having a different vari-
ance for each specified element of the pattern matrix is
created, a reference pattern vector having a value of the
normal distribution as an element is created, and a weighting
vector having a value of a change rate of a kurtosis of the
reference pattern vector as an element is previously created.
Then, a length between a specified element and each element
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of the standard pattern matrix (or the original standard
pattern matrix) is obtained, and an element number of a
weighting vector proximate to a position apart from the
center of the weighting vector by the length is calculated.
Then, a value of a product of an element value of the element
number of the weighting vector and an element value of each
element of the standard pattern matrix (or the original
standard pattern matrix) is obtained. Thus, a product-sum
value is calculated by adding the product value to each
element of the standard pattern matrix (or the original
standard pattern matrix).

In this case, the product-sum value is obtained while
moving the specified element of the standard pattern matrix
(or the original standard pattern matrix) to the position of
each element, and thus a weighted standard pattern matrix
(or an original and weighted standard pattern matrix) having
the product-sum value as an element value of the specified
element is created.

Similarly, a length between a specified element and each
element of the input pattern matrix (or the original input
pattern matrix) is obtained, and an element number of a
weighting vector proximate to a position apart from the
center of the weighting vector by the length is calculated.
Then, a value of a product of an element value of the element
number of the weighting vector and an element value of each
element of the input pattern matrix (or the original input
pattern matrix) is obtained. Thus, a product-sum value is
calculated by adding the product value to each element of
the input pattern matrix (or the original input pattern matrix).

In this case, the product-sum value is obtained while
moving the specified element of the input pattern matrix (or
the original input pattern matrix) to the position of each
element, and thus a weighted input pattern matrix (or an
original and weighted input pattern matrix) having the
product-sum value as an element value of the specified
element is created.

Next, a square root of a square sum or the square sum
itself of a difference value between each element of the
weighted standard pattern matrix and each element of the
weighted input pattern matrix is detected as a value of the
geometric distance between the standard pattern matrix and
the input pattern matrix. Meanwhile, the product-sum value
of each element of the original and weighted standard
pattern matrix and each element of the original and weighted
input pattern matrix are divided by a square root of a square
sum of each element of the original and weighted standard
pattern matrix and a square root of a square sum of each
element of the original and weighted input pattern matrix.
Thus, a ratio value thereof is obtained, which is defined as
a value of the geometric distance between the original
standard pattern matrix and the original input pattern matrix.

[Principle 2]

Second, in the related art (Japanese Patent Application
No. 2000-277749), a square of a ratio value obtained by
dividing the maximum value of a length between a specified
element and each element of a pattern matrix by a constant
of 1.4 is defined as a variance value of the normal distribu-
tion. Moreover, in the same related art and the prior art (the
gazette of Japanese Patent Laid-Open No. Hei 10(1998)-
253444 (Japanese Patent Application No. Hei 9(1997)-
61007)), a constant of 1 is weighted down each of the entire
element numbers of the reference pattern vector, and an
absolute value of each variation between the element value
of the standard pattern matrix and the element value of the
input pattern matrix is substituted into an increasing quantity
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of the reference pattern vector as it is irrespective of the
element number of the reference pattern vector.

Specifically, in the method described above, the reference
pattern vector is created by use of a normal distribution
having a fixed variance value, and the reference pattern
vector is increased by use of increasing means having a fixed
weight value.

In order to solve the second subject, the present invention
adopts a method to be described below instead of the
above-described fixed method. Specifically, in the case
where the reference pattern vector is created by use of a
normal distribution having a variable variance value, and in
the case of increasing the reference pattern vector by use of
increasing means having a variable weight value, a change
occurs in the value of the geometric distance between the
pattern matrices (or between the original pattern matrices).
Accordingly, by adjusting the variance value and the weight
value, a distance between the standard pattern matrices (or
between the original standard pattern matrices) in the same
category can be shortened, and simultaneously, a distance
between the standard pattern matrices (or between the
original standard pattern matrices) in the different categories
can be elongated. Consequently, separation of the standard
pattern matrix (or the original standard pattern matrix) in the
same category and the standard pattern matrix (or the
original standard pattern matrix) in the different category is
improved, and thus recognition performance when the input
pattern matrix (or the original input pattern matrix) is given
is improved.

Concretely, a ratio value of mean values is obtained by
dividing a mean geometric distance value between the
standard pattern matrices in the same category by a mean
geometric distance value between the standard pattern matri-
ces in different categories, and a weighting vector having a
value of a weighting factor minimizing the ratio value of the
mean values as an element is created, and by use of this
weighting vector, the value of the geometric distance
between the standard pattern matrix and the input pattern
matrix is detected. Meanwhile, a difference value of mean
values is obtained by subtracting a mean geometric distance
value between the original standard pattern matrices in
different categories from a mean geometric distance value
between the original standard pattern matrices in the same
category, and a weighting vector having a value of a
weighting factor maximizing the difference value of the
mean values as an element is created. By use of this
weighting vector, the value of the geometric distance
between the original standard patter matrix and the original
input pattern matrix is detected.

Note that the above description is established even if the
reference shape is other than the normal distribution, for
example, a rectangle. Moreover, the above description is
established also for the pattern matrix layer (or the original
pattern matrix layer) and the pattern vector (or the original
pattern vector). Here, the pattern matrix layer (or the original
pattern matrix layer) is constituted of a plurality of pattern
matrices (or original pattern matrices) in the case where an
object to be processed is three-dimensional such as a moving
image and a solid.

The value of the geometric distance as described above
detects the shape change of the pattern matrix (or the shape
change of the original pattern matrix) between the standard
image and the input image accurately. Moreover, the above
geometric distance value detects the similarity between the
standard voice and the input voice accurately, and detects the
similarity between the standard oscillation wave and the
input oscillation wave accurately. Furthermore, the geomet-
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ric distance value detects the shape change of the pattern
matrix layer (or the shape change of the original pattern
matrix layer) between the standard moving image and the
input moving image accurately, and detects the similarity
between the standard solid and the input solid accurately.
Still further, the geometric distance value detects the shape
change of the patter vector (or the shape change of the
original pattern vector) between the standard voice and the
input voice accurately, and detects the similarity between the
standard oscillation wave and the input oscillation wave
accurately.

Accordingly, by recognizing an image by use of the
geometric distance value thus obtained, the shape change
between the standard pattern matrix and the input pattern
matrix (or between the original standard pattern matrix and
the original input pattern matrix) can be detected accurately,
and thus the precision of the image recognition can be
significantly enhanced. Moreover, by recognizing a voice by
use of the geometric distance value thus obtained, the shape
change between the standard pattern matrix and the input
pattern matrix (or between the original standard pattern
matrix and the original input pattern matrix) can be detected
accurately, and thus the precision of the voice recognition
can be significantly enhanced. Moreover, by judging an
abnormality in a machine by use of the geometric distance
value thus obtained, the shape change between the standard
pattern matrix and the input pattern matrix (or between the
original standard pattern matrix and the original input pat-
tern matrix) can be detected accurately, and thus the preci-
sion of the abnormality detection in the machine can be
significantly enhanced. Moreover, by recognizing a moving
image by use of the geometric distance value thus obtained,
the shape change between the standard pattern matrix layer
and the input pattern matrix layer (or between the original
standard pattern matrix layer and the original input pattern
matrix layer) can be detected accurately, and thus the
precision of the moving image recognition can be signifi-
cantly enhanced. Moreover, by recognizing a solid by use of
the geometric distance value thus obtained, the shape change
between the standard pattern matrix layer and the input
pattern matrix layer (or between the original standard pattern
matrix layer and the original input pattern matrix layer) can
be detected accurately, and thus the precision of the solid
recognition can be significantly enhanced. Moreover, by
recognizing a voice by use of the geometric distance value
thus obtained, the shape change between the standard pat-
tern vector and the input pattern vector (or between the
original standard pattern vector and the original input pattern
vector) can be detected accurately, and thus the precision of
the voice recognition can be significantly enhanced. More-
over, by judging an abnormality in a machine by use of the
geometric distance value thus obtained, the shape change
between the standard pattern vector and the input pattern
vector (or between the original standard pattern vector and
the original input pattern vector) can be detected accurately,
and thus the precision of the abnormality detection in the
machine can be significantly enhanced.

Hereinafter, description will be made for embodiments of
the present invention with reference to the accompanying
drawings. In these embodiments, description will be made
for the following methods in the order of enumeration. The
methods are: a method for recognizing an image, a method
for recognizing a voice, and a method for judging an
abnormality in a machine, all of which use a detected value
of a similarity between two pattern matrices (or original
pattern matrices not having been subjected to normaliza-
tion); a method for recognizing a moving image, and a
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method for recognizing a solid, which use a detected value
of a similarity between two pattern matrix layers (or original
pattern matrix layers not having been subjected to normal-
ization); and a method for recognizing a voice, and a method
for judging an abnormality in a machine, which use a
detected value of a similarity between two pattern vectors
(or original pattern vectors not having been subjected to
normalization).

Embodiment (I): Method for Recognizing Image
(Two-Dimension)

Description will be made for the method for recognizing
an image by use of a detected value of a similarity between
two pattern matrices (or original pattern matrices). In this
embodiment (1), in order to recognize an image, a density
pattern of the image is normalized by the sum of densities of
the entire pixels or the maximum value of the densities of the
entire pixels, and thus a standard pattern matrix and an input
pattern matrix are created. Moreover, a weighting vector
having a value of a change rate in kurtosis of a reference
pattern vector as an element is created. Then, an element
value of the weighting vector and an element value of the
standard pattern matrix are subjected to a product-sum
operation, and thus a weighted standard pattern matrix is
created. Independently thereof, the element value of the
same weighting vector and an element value of the input
pattern matrix are subjected to the product-sum operation,
and thus a weighted input pattern matrix is created. Subse-
quently, a conventional calculation for the Euclid distance is
carried out by use of these weighted standard pattern matrix
and weighted input pattern matrix, and thus the similarity of
the images is detected.

Meanwhile, an original standard pattern matrix and an
original input pattern matrix are created without normalizing
the density pattern of the image. Then, the element value of
the weighting vector and an element value of the original
standard pattern matrix are subjected to the product-sum
operation, and thus an original and weighted standard pat-
tern matrix is created. Independently thereof, the element
value of the same weighting vector and an element value of
the original input pattern matrix are subjected to the product-
sum operation, and thus an original and weighted input
pattern matrix is created. Subsequently, a conventional cal-
culation for a cosine of an angle is carried out by use of these
original and weighted standard pattern matrix and original
and weighted input pattern matrix, and thus the similarity of
the images is detected. As described above, in the detection
of the similarity of the images, there are two ways where the
density pattern of the image is normalized and not.

Furthermore, the element value of the weighting vector is
adjusted so that a distance between standard pattern matrices
(or between original standard pattern matrices) in the same
category can be shortened, and that a distance between
standard pattern matrices (or between original standard
pattern matrices) in different categories can be elongated
simultaneously. Then, the similarity of the images is
detected by use of the weighting vector having been
adjusted, and by use of a detected value thereof, the image
is recognized. However, such adjustment of the weighting
vector is not always necessary and can be omitted.

FIG. 1 is an example of an image of an alphabet “E”. As
shown in FIG. 1, the image is constituted of m,xm, pieces
of pixels obtained by partitioning the image into m, pieces
in an x-direction and m, pieces in a y-direction. Here, a
density of an image in a pixel that is i,-th in the x-direction
and 1i,-th in the y-direction is defined as Pi;i,.
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Next, an original standard pattern matrix Ho having a
density Piji, (i,=1, 2, ..., m;) (i,=1,2,...,m,) of a
standard image as an element and an original input pattern
matrix No having a density Pi;i, (1,=1, 2, ..., m;) (i,=1,
2, ..., m,) of an input image as an element are created.
These original standard pattern matrix Ho and original input
pattern matrix No are expressed as in the following equation
1. Note that the equation 1 expresses the shapes of the
densities of the standard image and the input image by the
m,xm, pieces of element values of the original pattern
matrix.

[Equation 1] (69)]
holl  hol2 holip holm,
ho2l  ho22 ho2iy ho2m,

Ho =
hoiyl  hoi 2 hoiyin hoiymy

homyl hom2 --- homyi, -+ homyms
noll nol2 nolip nolmy
no2!  no22 no2ip no2my

No =

noijl  noi2 noiyip noiymy
nomyl nom2 --- nomyi, --- nomm,

Moreover, FIG. 2A shows the original standard pattern
matrix Ho on an (x-y) plane, and similarly, FIG. 2B shows
the original input pattern matrix No on an (x-y) plane. Here,
hoi,i, denotes an element on (xi,, yi,) of Ho, and noi,i,
denotes an element on (Xi,, yi,) of No. In the related art
(Japanese Patent Application No. 2000-277749), as process-
ing, the density Pi;i, (i,=1, 2, ..., m;) (i,=1, 2, ..., m,)
of'the image is normalized by the sum of the densities of the
entire pixels. Specifically, the normalized density pi,i, of the
image in the pixel that is the i,-th in the x-direction and the
i,-th in the y-direction is calculated by the following equa-
tion 2.

[Equation 2] 2

Piiip
momy
2 X Pk

J1=1liz=1

piyia =

(1 =1,2,3, ....my)
(=1,2,3, ....,mp)

Moreover, in the case of a binary image and so on, the
density Pi,i, (1,=1,2,...,m,)(i,=1, 2, ..., m,) of the image
is normalized by the maximum value of the densities of the
entire pixels. Specifically, the normalized density pi,i, of the
image in the pixel that is the i,-th in the x-direction and the
i,-th in the y-direction can be calculated by the following
equation 3. Note that a symbol max{Pj,j,} in the equation
3 implies the maximum value of a density Pj,j, (,=1,
2,...,m) (G,=1,2, ..., m,) of the image.
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[Equation 3] 3)
L Piiiy

iy = ————

P2 (P, o}

(1 =1,2,3, ....my)
(=1,2,3, ....,mp)

Here, the shape of the normalized density by the equation
2 and the shape of the normalized density by the equation 3
are similar to each other. Therefore, whichever of the
equation 2 and the equation 3 may be used, a similar
discussion to be described later is established.

Next, a standard pattern matrix H having a normalized
density pi,i, (1,=1, 2, ..., my) (i,=1, 2, . . ., m,) of the
standard image as an element and an input pattern matrix N
having a normalized density pi;i, (,=1,2, ..., m,;) (1,=1,
2, ..., m,) of the input image as an element are created.
These standard pattern matrix H and input pattern matrix N
are expressed as in the following equation 4. Note that the
equation 4 expresses the shapes of the normalized densities
of the standard image and the input image by the m,xm,
pieces of element values of the pattern matrices.

[Equation 4] )
hil  hI2 hliy himy
h21 K22 h2iy h2my

H -
hill hi12 hil iz hilmz
gl hm2 - hmyi, - hmymy
nll ni2 nlip nim,
n2l n22 n2i, n2my,

N =
ni11 ni12 I’Lil iz ni1m2

amyl nm2 - nmmyip -+ nmmp

Moreover, FIG. 3A shows the standard pattern matrix H
on an (x-y) plane, and similarly, FIG. 3B shows the input
pattern matrix N on an (x-y) plane. Here, hi,i, denotes an
element on (xi,, yi,) of H, and ni,i, denotes an element on
(xiy, yi,) of N.

In the related art (Japanese Patent Application No. 2000-
277749), as shown in FIG. 4A, a graph of a normal distri-
bution (normal curve) having a mean value: p=0 and a value
of a variance oj,j,” is created. Moreover, as shown in FIGS.
4B and 4C, a positive reference pattern vector Kj,j, and a
negative reference pattern vector Kj,j,*”, each having a
value of the same normal distribution as an element, are
created.

Next, in the related art (Japanese Patent Application No.
2000-277749), the shape change between the standard pat-
tern matrix H and the input pattern matrix N is substituted
into shape changes of the positive reference pattern vector
Kj'j,*” and the negative reference pattern vector Kj,j,.
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Specifically, with regard to the 1,i, element (i,=1, 2, ..., m,)
(1,=1, 2, . . ., m,) of the pattern matrix, an absolute value
of the variation between the element value hi i, of the
standard pattern matrix H and the element value ni, i, of the
input pattern matrix N is Ini,i,—hi,i,l. In this case, as shown
in the following equation 5, when ni i, is larger than hi,i,,
an element value kj,j,i, of the positive reference pattern
vector Kj,j, is increased by the absolute value Ini, i,~hi,i,|
of this variation. And when ni,i, is smaller than hi,i,, an
element value kj,j,’i, of the negative reference pattern
vector Kj,j, is increased by the absolute value Ini, i,~hi,i,|
of this variation.

[Equation 5]
fori,=1,2,3, ..., m;
i,=1,2,3, . ., my;
when ni,i,>hi,i,,
kj i, is increased by Ini,i,~hi, i,|,
when ni,i,<hi,i,,
Kj i,i, is increased by Ini,i,~hi,il.

.......... )
(G,=1,23,...,m,)
(]2:152535 L] ml)

Subsequently, in the related art (Japanese Patent Appli-
cation No. 2000-277749), with regard to the pair of refer-
ence pattern vectors (positive reference pattern vector
Kj,j,"” and negative reference pattern vector Kj,j,™)
changed in shape by the equation 5, a size of each shape
change thereof is numerically evaluated as a variation in
kurtosis. Namely, a kurtosis Aj,j,* of the positive reference
pattern vector Kj i, and a kurtosis Aj,j," of the negative
reference pattern vector Kj,j,* are calculated by the fol-

lowing equation 6.

[Equation 6] (6)

] ]
Sk > Wi hio ki 5
A

. ig=1 ig=1
Aj 2’ = o =
> Wiy haio)? -y 7o
ig=1
mng mng
ki o p 4 > Ly jrio)* Ky 5o
s ip=1 ip=1
A/l/(Z): - 2
> Wi haio ki 7o
ig=1

(i=1,2,3, ...,m)
(2=1,2,3, ...,mp)

Here, description will be made for the change rate in
kurtosis of the reference pattern vector by use of typical
examples shown in FIGS. 5A to 7B. Each of FIGS. 5A, 6A
and 7A is a schematic diagram showing an example where
only the ii, element (1,=2, 2, ..., m;) (i,=1, 2, ..., m,)
of the input pattern matrix is increased by & with respect to
the standard pattern matrix, and thus one element of the
positive reference pattern vector Kj,j,* is increased by the
same value d.

Moreover, each of FIGS. 5B, 6B and 7B shows the
kurtosis Aj,j,** of the positive reference pattern vector
Kj'j,™ changed in shape as in each of FIGS. 5A, 6A and 7A,
the kurtosis Aj,j,* being obtained directly by the equation
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6 and represented in a graph denoted by each of codes (i) to
(iii). Each of FIGS. 5B, 6B and 7B shows a state where a
calculated value Aj,j," of the kurtosis is changed when a
value of 9 is increased 0.0 to 0.1. Here, the absolute value
of the variation between the element value of the standard
pattern matrix and the element value of the input pattern
matrix is defined as Ini;i,-hi,i,l, and 8 is set as: d=Ini,i,—
hi, i,l.

(1) FIG. 5A shows an example where only a (m,+1)/2-th
element on a center portion of the positive reference pattern
vector is increased by 9. In this case, in FIG. 5B, while the
change of the kurtosis Aj,j,* with respect to the change of
d is shown by the graph denoted by the code (i), it is
understood from the same drawing that the graph of the code
(1) can be approximated to a straight line. Here, if a mean
gradient of the graph of the code (i) is defined as gj,j,(m +
1)/2, then a value of this gradient gj,j,(m +1)/2 becomes a
change rate in kurtosis of the (m,+1)/2-th element of the
positive reference pattern vector.

(2) FIG. 6A shows an example where only an i,-th element
on a side portion of the positive reference pattern vector is
increased by 8. In this case, in FIG. 6B, while the change of
the kurtosis Aj,j,** with respect to the change of  is shown
by the graph denoted by the code (ii), it is understood from
the same drawing that the graph of the code (ii) can be
approximated to a straight line. Here, if a mean gradient of
the graph of the code (ii) is defined as gj,j.i,, then a value
of this gradient gj,j,i, becomes a change rate in kurtosis of
the i -th element of the positive reference pattern vector.

(3) FIG. 7A shows an example where only the second
element on an edge portion of the positive reference pattern
vector is increased by 9. In this case, in FIG. 7B, while the
change of the kurtosis Aj,j,*" with respect to the change of
d is shown by the graph denoted by the code (iii), it is
understood from the same drawing that the graph of the code
(iii) can be approximated to a straight line when the value of
d is small. Here, if a mean gradient of the graph of the code
(iii) is defined as gj,j,2, then a value of this gradient gj,j,2
becomes a change rate in kurtosis of the second element of
the positive reference pattern vector.

Note that, since the positive reference pattern vector
Kj'j,“ and the negative reference pattern vector Kj,j,~are
vectors equivalent to each other, the above description for
FIGS. 5Ato 7B is also established for the negative reference
pattern vector Kj,j,*. Moreover, the above description for
FIGS. 5A to 7B is always established irrespective of the
value of the variance 0j,j,2.

As described above, in the methods of the related art and
the prior art, the reference pattern vector is changed in shape
by the equation 5, and the kurtosis value of the reference
pattern vector changed in shape is obtained directly by the
equation 6. From the above description, in the case of each
of FIGS. 5A, 6A and 7A, it is understood that an approxi-
mate value of the kurtosis Aj,j,“ can be calculated by an
upper conditional equation of the following equation 7
instead of the above-described direct method. Specifically,
the change rate in kurtosis of each element of the positive
reference pattern vector Kj, i, is previously calculated, and
when only the 1,1, element of the input pattern matrix is
increased with respect to the standard pattern matrix, and
thus the i-th element (i,=1, 2, . . . , m,) of the positive
reference pattern vector is increased by the same value, then
a value of a product of gjj,i, and Ini,i,~hii,| can be
obtained to calculate the kurtosis value Aj,j,**. In this case,
the change rate of the kurtosis in the i-th element of the
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positive reference pattern vector is defined as gj,j,i,, and the
absolute value of the variation between the element value of
the standard pattern matrix and the element value of the
input pattern matrix is defined as Ini,i,~hi, i,

Similarly, when only the 1,1, element of the input pattern
matrix is decreased with respect to the standard pattern
matrix, and thus the i -th element (i,=1, 2, . . . , m_) of the
negative reference pattern vector is increased by the same
value, then a value of a product of gj,j,i, and Ini, i,—hi, i,/ can
be obtained to calculate a kurtosis value Aj,j,” by a lower
conditional equation of the following equation 7. Note that
the equation 7 is established only in the case where only one
element of the positive reference pattern vector or the
negative reference pattern vector is increased.

[Equation 7]
when ni, i,>hi, i,,
Aj 1j2(+):3+gi aloIni; i,=hi; ]
when ni, i,<hi,i,,
Aj 1j2(_):3+gi aloIni; i,=hi; ;]

.......... (7
01:152535 cet e ml)
02:15 25 35 LR m2)

In the equation 7, Inii,-hi,i,| is substituted with (ni,i,—
hi, i,) while considering signs thereof, and thus the follow-
ing equation 8 is obtained.

[Equation 8]

when ni, i,>hi, i,,

Ajjo M =B4gj ol (0 1,-hi, 1)

when ni, i,<hi, 1,,

Aji7=3-gi sl (0 i,-hiy i)
.......... ®)
..., my)
(,=1,2,3, . .., m))

Next, description will be made for a property of the
change in kurtosis of the reference pattern vector by use of
typical examples shown in FIGS. 8A to 13B. Each of FIGS.
8A, 9A and 10A is a schematic diagram showing an example
where two elements of the input pattern matrix are simul-
taneously increased by O with respect to the standard pattern
matrix, and thus two elements of the positive reference
pattern vector Kj,j,* are increased by the same value .
Each of FIGS. 11A, 12A and 13A is a schematic diagram
showing an example where one element of the input pattern
matrix is increased by O with respect to the standard pattern
matrix, and another element is simultaneously increased by
0.1 with respect thereto, thus one element of the positive
reference pattern vector Kj,j, is increased by 9, and
another element thereof is increased by 0.1 simultaneously.

Moreover, each of FIGS. 8B, 9B, 10B, 11B, 12B and 13B
shows the kurtosis Aj,j,** of the positive reference pattern
vector Kj,j,”changed in shape as in each of FIGS. 8A, 9A,
10A, 11A, 12A and 13 A, the kurtosis Aj,j,*" being obtained
directly by the equation 6 and represented in a graph denoted
by each of codes (iv) to (ix). Each of FIGS. 8B, 9B, 10B,
11B, 12B and 13B shows a state where a calculated value
Ajj, of the kurtosis is changed when a value of & is
increased from 0.0 to 0.1. Here, the absolute value of the
variation between the element value of the standard pattern
matrix and the element value of the input pattern matrix is
defined as Inii,~hi,i,l, and 9 is set as: d=Ini;i,—hi,i,l.

(1) FIG. 8A shows an example where the (m,+1)/2-th
element on the center portion of the positive reference
pattern vector and the i -th element on the side portion
thereof are increased by 0 simultaneously. In this case, in
FIG. 8B, the change of the kurtosis Aj,j,"* with respect to
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the change of § is shown by the graph denoted by the code
(iv). Moreover, a result obtained by adding the graph of the
code (i) in FIG. 5B and the graph of the code (ii) in FIG. 6B
is shown by a graph of a code (i)+(ii). From the same
drawing, it is understood that the graph of the code (iv) is
equal to the graph of the code (1)+(ii) approximately.

(2) FIG. 9A shows an example where the i -th element on
the side portion of the positive reference pattern vector and
the second element on the edge portion thereof are increased
by O simultaneously. In this case, in FIG. 9B, the change of
the kurtosis Aj,j,™ with respect to the change of 8 is shown
by the graph denoted by the code (v). Moreover, a result
obtained by adding the graph of the code (ii) in FIG. 6B and
the graph of the code (iii) in FIG. 7B is shown by a graph
of'a code (i1)+(iii). From the same drawing, it is understood
that the graph of the code (v) is equal to the graph of the code
(i1)+(iii) approximately.

(3) FIG. 10A shows an example where the (m,+1)/2-th
element on the center portion of the positive reference
pattern vector and the second element on the edge portion
thereof are increased by 0 simultaneously. In this case, in
FIG. 10B, the change of the kurtosis Aj,j,** with respect to
the change of § is shown by the graph denoted by the code
(vi). Moreover, a result obtained by adding the graph of the
code (i) in FIG. 5B and the graph of the code (iii) in FIG. 7B
is shown by a graph of a code (i)+(iii). From the same
drawing, it is understood that the graph of the code (vi) is
equal to the graph of the code (i)+(iii) approximately when
the value of 8 is small.

(4) FIG. 11A shows an example where the (m,+1)/2-th
element on the center portion of the positive reference
pattern vector is increased by 8 and the i -th element on the
side portion thereof is increased by 0.1 simultaneously. In
this case, in FIG. 11B, the change of the kurtosis Aj,j,"’
with respect to the change of 0 is shown by the graph
denoted by the code (vii). Moreover, the graph of the code
(1) in FIG. 5B is shown. From the same drawing, it is
understood that the graph of the code (vii) is obtained by
translating the graph of the code (i), and that a distance
thereof is equal to the variation of the kurtosis in the case of
3=0.1 in the graph of the code (ii) in FIG. 6B.

(5) FIG. 12A shows an example where the i -th element on
the side portion of the positive reference pattern vector is
increased by d and the second element on the edge portion
thereof is increased by 0.1 simultaneously. In this case, in
FIG. 12B, the change of the kurtosis Aj,j,™ with respect to
the change of § is shown by the graph denoted by the code
(viii). Moreover, the graph of the code (ii) in FIG. 6B is
shown. From the same drawing, it is understood that the
graph of the code (viii) is obtained by translating the graph
of the code (ii), and that a distance thereof is equal to the
variation of the kurtosis in the case of 8 =0.1 in the graph of
the code (iii) in FIG. 7B.

(6) FIG. 13A shows an example where the second element
on the edge portion of the positive reference pattern vector
is increased by & and the (m_+1)/2-th element on the center
portion thereof is increased by 0.1 simultaneously. In this
case, in FIG. 13B, the change of the kurtosis Aj,j," with
respect to the change of § is shown by the graph denoted by
the code (ix). Moreover, the graph of the code (iii) in FIG.
7B is shown. From the same drawing, it is understood that
the graph of the code (ix) is obtained by translating the graph
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of the code (iii), and that a distance thereof is equal to the
variation of the kurtosis in the case of 6=0.1 in the graph of
the code (i) in FIG. 5B.

Note that, since the positive reference pattern vector
Kj'j,™ and the negative reference pattern vector Kjj,~are
vectors equivalent to each other, the above description for
FIGS. 8A to 13B is also established for the negative refer-
ence pattern vector Kj,j,*. Moreover, the above description
for FIGS. 8A to 13B is always established irrespective of the
value of the variance oj,j,>.

From the above description, in the case of each of FIGS.
8A, 9A, 10A, 11A, 12A and 13A, it is understood that the
approximate value of the kurtosis Aj,j,™ can be calculated
by adding the variation of the kurtosis obtained from each of
FIGS. 5B, 6B and 7B instead of the direct method. Namely,
with regard to the increased two elements of the positive
reference pattern vector, each variation of the kurtosis is
obtained by use of each of FIGS. 5B, 6B and 7B, and the
sum value is obtained by adding the variation of the kurtosis,
and thus the kurtosis value Aj,j,* can be calculated. Simi-
larly, the kurtosis value Aj,j,*’can be calculated.

The above is established also in the case where three or
more elements of the input pattern matrix are simultaneously
increased with respect to the standard pattern matrix, and
thus three or more elements of the positive reference pattern
vector Kj,j,™ are simultaneously increased. Similarly, the
above is established also in the case where three or more
elements of the input pattern matrix are simultaneously
decreased with respect to the standard pattern matrix, and
thus three or more elements of the negative reference pattern
vector Kj,j,are simultaneously increased.

Accordingly, in the case where plural elements of the
input pattern matrix are simultaneously increased with
respect to the standard pattern matrix, and thus plural
elements of the positive reference pattern vector are simul-
taneously increased, the kurtosis value Aj,j,"" can be cal-
culated by an upper conditional equation of the following
equation 9. Specifically, the change rate in kurtosis of the
i,-th element of the positive reference pattern vector is
defined as gj,j,i,, and the variation between the element
value of the standard pattern matrix and the element value of
the input pattern matrix is defined as (ni,i,-hi,i,). Then, a
value of the product of gj,j,i, and (ni,i,-hi,1i,) is obtained,
and a value of the sum is obtained by adding the value of the
product to the entire elements of the input pattern matrix,
which are increased with respect to the standard pattern
matrix, and thus the kurtosis value Aj,j,* is calculated.

Similarly, in the case where plural elements of the input
pattern matrix are simultaneously decreased with respect to
the standard pattern matrix, and thus plural elements of the
negative reference pattern vector are simultaneously
increased, then, by a lower conditional equation of the
following equation 9, a value of the product of gj,j,i, and
(ni,i,~hii,) is obtained, and a value of the sum is obtained
by adding the value of the product to the entire elements of
the input pattern matrix, which are decreased with respect to
the standard pattern matrix, and thus the kurtosis value
Ajj, is calculated.

[Equation 9] ©

for all iy, i where niji, > hiyi,,

my np
Aj ST =34 ) Y gjio- (niriz = hiv)
i=lip=1
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-continued
for all iy, i, where niji, < hiyi,,
mmy

M =3= "3 gy jaio- (nisis = hivin)
i=liy=1

(1=1,2,3, ....m1)
(2=1,2,3, ....m)

Incidentally, in the related art (Japanese Patent Applica-
tion No. 2000-277749), by use of the kurtosis Aj,j,* of the
positive reference pattern vector Kj,j,* and the kurtosis
Aj,j»of the negative reference pattern vector Kj,j,*, both
of which are calculated by the equation 6, a shape variation
Dj,j, is calculated by the following equation 10. Namely, the
kurtosis values of the two reference pattern vectors Kj,j,
and Kj,j,"’set initially to normal distribution shapes are
both equal to 3. Therefore, the kurtosis variations of the
positive and negative reference pattern vectors changed in
shape by the equation 5 become {Aj,j,*”-3} and {Aj,j,-
3}, respectively. Accordingly, the variation in the positive
direction becomes {Aj,j,*'-3}, the variation in the negative
direction becomes {Aj,j,"’-3}, and the entire variation
becomes a difference value therebetween. On the premise
described above, the shape variation Dj,j, is calculated.

[Equation 10] (10)

Djy, jo = 1AL S =31 = (AL 57 - 3)
=Aj S - AR S
(il 2,3, 000 my)
(21, 2,3, 0. ,m)

Accordingly, the equation 9 is assigned to the equation 10
to obtain the following equation 11. Namely, in the case
where the plural elements of the input pattern matrix with
respect to the standard pattern matrix are increased and
decreased simultaneously, and thus the plural elements of
the positive and negative reference pattern vectors are
increased simultaneously, then by the equation 11, the shape
variation Dj,j, can be calculated.

an

[Equation 11]
mom
Djija= . > & jaio- (niria = hiriy)
ij=lip=1
my np
= > > g jaio-niria = gy jaio - hirin}

i1=lip=1
m o my m o my

= > & hio-nivia =y 3" gy jaio-hiriy
i1=lip=1 i1=lip=1

(j1=1,2,3, ...,my)

(jz = 1, 2, 3, ey mz)

From the equation 11, it is understood that the shape
variation Dj,j, can be decomposed into a product-sum
operation for the change rate gj,j,i, of the kurtosis of the
reference pattern vector and the element value hi,i, of the
standard pattern matrix and a product-sum operation for the
same change rate gj,j,i, and the element value nii, of the
input pattern matrix. In this connection, as shown in the
following equation 12, the respective product-sum values
are defined as hgj,j, and ngj,j,.
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[Equation 12] (12)
myomy

hgjyjo= > Y &y rio- hiriz
i=lip=1
myomy

ngivja= Y, Y & rio-niriz
i1=lip=1

(i1=1,2,3, ..., m)

(2=1.2.3, ... m)

Next, description will be made for a method for calcu-
lating the change rate gj j,i, (i,=1, 2, . . ., m_) of the kurtosis
and calculating the element number i, in the equation 12.
Note that the positive reference pattern vector Kj,j,*” and
the negative reference pattern vector Kj,j,* are vectors
equivalent to each other. Therefore, the change rate of the
Kkurtosis of the positive reference pattern vector Kj,j,* and
the change rate of the kurtosis of the negative reference
pattern vector Kj,j, are equal to each other (calculation
methods thereof are equal). Moreover, as shown in the
equation 12, it is not necessary to distinguish these vectors.
Accordingly, in the description below, the positive and
negative reference pattern vectors will be simply referred to
as a reference pattern vector, excluding the signs @ and <.

FIG. 14A is a schematic diagram showing an example
where only the i,-th element of the reference pattern vector
Kj,j, is increased by 1.0. Moreover, FIG. 14B is a graph
(weighting curve) showing a state where the variation AAj j,
of the kurtosis Aj,j, of the reference pattern vector changed
in shape as shown in FIG. 14A is directly obtained by the
equation 6 and plotted on the position i, in FIG. 14B, and
then a calculated value AAj,j, of the kurtosis variation is
changed when the i, is changed from 1 to m,. Here in this
weighting curve, the kurtosis variation when only the i_-th
element of the reference pattern vector is increased by 1.0 is
plotted. Therefore, a function value of the weighting curve
becomes equal to the change rate gj,j,i, in kurtosis in the
i,-th element (i,=1, 2, . . ., m,) of the reference pattern
vector. Moreover, FIG. 14B also shows a bar graph of which
height is equal to the function value of the weighting curve.
A weighting vector Gj,j, having a height value of the bar
graph as an element is created as shown in FIG. 14B, and is
expressed as in the following equation 13. The equation 13
expresses the change rate in kurtosis of the reference pattern
vector by the m, pieces of element values of the vector.
While the equations 1 and 4 are matrices (two-dimension),
the equation 13 is a vector (one-dimension).

[Equation 13]

Gj1o=(gj1J21:8)1322, - - - 5 Gdalos - - -+ 5 Gl1j2o)
.......... (13)
(=123, ....m,)
(=123, ....m,)

FIGS. 15A and 15B show a relationship between the
normal curve and the weighting curve and a relationship
between the reference pattern vector Kj,j, and the weighting
vector Gj,j,. FIG. 15A shows the normal curve having the
value of the variance oj,j,> and the reference pattern vector
Kj,j, having the function value of this normal curve as an
element. FIG. 15B shows the weighting curve created based
on the change rate in kurtosis of the reference pattern vector
and the weighting vector Gj,j, having the function value of
this weighting curve as an element.

From FIGS. 15A and 15B, it is understood that the normal
curve and the weighting curve correspond to each other, that
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the reference pattern vector Kj,j, and the weighting vector
Gj,j, correspond to each other, and that indices j,j,, i, and
m,, of the reference pattern vector Kj,j, and indices j,js, i,
and m, of the weighting vector Gj,j, have the same values,
respectively.

Moreover, FIGS. 16 and 17 show a relationship between
the normal curve and the weighting curve three-dimension-
ally: FIG. 16 shows normal curves on the (x-y)-normalized
plane; and FIG. 17 shows weighting curves on the same
(x-y)-normalized plane. In FIG. 16, two normal curves are
shown. In one of the normal curves, a center line thereof
passes through a point (j;, j,), and is perpendicular to the
(x-y)-normalized plane, and a u-axis thereof passes through
a point (m;, 1). In the other thereof, a center line thereof
passes through the point (j,, j,), and is perpendicular to the
above-described plane, and a u-axis thereof passes through
a point (i, i,). Here, it is assumed that the variances gj,j,>
of these two normal curves have the same value. Accord-
ingly, when these two normal curves are rotated around the
center line as an axis, the normal curves coincide with each
other. FIG. 16 shows a state of obtaining a length Aiisj,j,
between the point (j,, j,) and the point (i, i,) to calculate a
position apart from the center of the normal curve by the
above-described length.

Similarly, in FIG. 17, two weighting curves are shown. In
one of the weighting curves, a center line thereof passes
through the point (j,, j,), and is perpendicular to the (x-y)-
normalized plane, and a u-axis thereof passes through the
point (m,, 1). In the other thereof, a center line thereof
passes through the point (j,, j,), and is perpendicular to the
above-described plane, and a u-axis thereof passes through
the point (i,, i,). Here, it is assumed that these two weighting
curves are created based on the change rate in kurtosis of the
same two normal curves shown in FIG. 16. Accordingly,
when these two weighting curves are rotated around the
center line as an axis, the weighting curves coincide with
each other. FIG. 17 shows a state of obtaining a length
M 5], between the point (j, j,) and the point (i, i,) to
calculate a position apart from the center of the weighting
curve by the above-described length. From FIGS. 16 and 17,
it is understood that the normal curves and the weighting
curves correspond to each other.

Moreover, FIGS. 18 and 19 show a relationship between
movement of the center of a normal curve and movement of
the center of a weighting curve. FIG. 18 shows normal
curves having different variance values with regard to the
respective cases where the center of the normal curve is

moved to positions of the points (j,, j,) G,=1,2, ..., m,)
(G,=1, 2, . . ., m,). Moreover, FIG. 18 shows states of
obtaining lengths Aijisj,j, (;=1,2,...,m;) (j,=1,2,...,

m,) between the center of the normal curve and the points
(i;, 1,) to calculate positions apart from the center of the
normal curve by the above-described lengths.

Similarly, FIG. 19 shows weighting curves created based
on the change rates in kurtosis of the respective normal
curves shown in FIG. 18 with regard to the respective cases
where the center of the weighting curve is moved to the
positions of the points (,, j») G;=1, 2, . . ., m;) (jo=1,
2, ..., m,). Moreover, FIG. 19 shows states of obtaining
lengths Aiji,j,j, G,=1,2,...,m;)(G,=1, 2, ..., m,) between
the center of the weighting curve and the points (i, i,) to
calculate positions apart from the center of the weighting
curve by the above-described lengths.

From FIGS. 18 and 19, the following is understood.
Specifically, the movement of the center of the normal curve
and the movement of the center of the weighting curve
correspond to each other. Moreover, the method for calcu-
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lating the element number i, of the reference pattern vector
proximate to the position apart from the center of the
reference pattern vector by the length A i,j,j, and the
method for calculating the element number i, of the weight-
ing vector proximate to the position apart from the center of
the weighting vector by the length Ai,i,j,j, are the same.
Accordingly, it is understood that, when the j,j, element and
the 1,1, element of the pattern matrix are given, i, in the
equation 12 is calculated based on the length between these
two points on the (x-y)-normalized plane.

Specifically, hgj,j, shown in the left side of the equation
12 can be calculated as a product-sum value in such a
manner that the length between the specified element and
each element of the standard pattern matrix is obtained, the
element number i, of the weighting vector proximate to the
position apart from the center of the weighting vector by the
above-described length is calculated, the value of the prod-
uct of the element value gj,j,i, of the above-described
element number of the weighting vector and the element
value hi, i, of each element of the standard pattern matrix is
obtained, and the above-described value of the product is
added to each element of the standard pattern matrix.
Moreover, ngj,j, shown in the left side of the equation 12
can be calculated as a product-sum value in such a manner
that the length between the specified element and each
element of the input pattern matrix is obtained, the element
number i, of the weighting vector proximate to the position
apart from the center of the weighting vector by the above-
described length is calculated, the value of the product of the
element value gj,j,i, of the above-described element num-
ber of the weighting vector and the element value ni,i, of
each element of the input pattern matrix is obtained, and the
above-described value of the product is added to each
element of the input pattern matrix.

Next, a weighted standard pattern matrix Hg having hgj,j,
G,=1,2,...,m)) (=1, 2, . . ., m,) in the equation 12 as
an element and a weighted input pattern matrix Ng having
ngj,j.G,=1, 2, . . ., m) (jo=1, 2, . . . , m,) in the equation
12 as an element are created. These weighted standard
pattern matrix Hg and weighted input pattern matrix Ng are
expressed as in the following equation 14.

[Equation 14] (14)

hgll  hgl2 hgli, hglim,
hg2l  hg22 hg2i, hg2m,
Hg =
hgiy 1 hgi)2 hgiy b hgi,my
hgm 1 hgm 2 --- hgmi, --- hgmmy
ngll ngl2 ngli, nglm,
ng2l  ng22 ng2i, ng2m,
Ng =
ngiil  ngi2 ngi i ngi my
ngml ngm2 --- ngmyl, --- ngmm

Moreover, the equation 12 is assigned to the equation 11
to obtain the following equation 15. From the equation 15,
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it is understood that the shape variation Dj,j, is obtained by
subtracting the element value hgj,j, of the weighted standard
pattern matrix Hg from the element value ngj,j, of the
weighted input pattern matrix Ng.

[Equation 15]
Dj j,=ngj;>-hgj i,

In the related art (Japanese Patent Application No. 2000-
277749), the square root of the square sum of the m,xm,
pieces of shape variations Dj,j, calculated by the equation
15 is defined as the value of the geometric distance. Accord-
ingly, a geometric distance value d can be calculated by the
following equation 16.

[Equation 16] (16)

mp my
de= | X X (Djjp)?
J1=1jp=1

mp my

= |3 3 tgij-hgii i)
J1=1jp=1

Moreover, in the related art (Japanese Patent Application
No. 2000-277749), the square sum of the m,xm, pieces of
shape variations Dj,j, calculated by the equation 15 is
defined as the value of the geometric distance as it is.
Accordingly, the geometric distance value d, can be calcu-
lated by the following equation 17.

[Equation 17] 7

my my

de= > Djp)?

J1=lip=1

my my

=), . g j2—hgji i

1=l jp=1

Meanwhile, in the equation 12, the element value hi i, of
the standard pattern matrix and the element value ni, i, of the
input pattern matrix are substituted into the element value
hoi, i, of the original standard pattern matrix and the element
value noi, i, of the original input pattern matrix, respectively.
Then, as shown in the following equation 18, the product-
sum value of the change rate gj,j,i, in kurtosis of the
reference pattern vector and the element value hoi, i, of the
original standard pattern matrix is defined as hogj,j,, and the
product-sum value of the same change rate gj,j,i, and the
element value noi, i, of the original input pattern matrix is
defined as nogj,j,.
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[Equation 18] (18)
momy
hogjija =Y, > &\ xio-hoirix

i1=lip=1
mom

nogjija = ), ), & zio-noitiz
i1=lip=1

(j1=1,2,3, ...,my)

(j2=1,2,3, ...,mz)

Next, an original and weighted standard pattern matrix
Hog having hogj,j, G,=1,2,...,m;) (j,=1,2,...,m,)in
the equation 18 as an element and an original and weighted
input pattern matrix Nog having nogj,j, (;=1,2, ..., m,)
G.=1, 2, . . ., m,) in the equation 18 as an element are
created. These original and weighted standard pattern matrix
Hog and original and weighted input pattern matrix Nog are
expressed as in the following equation 19.

[Equation 19] (19)

hogl!  hogl2 hogli, hoglm,

hog2!  hog22 hog2i, hog2m,
Hog =

hogiy 1 hogi 2 hogi, iy hogiyma

hogm 1 hogm 2 --- hogmiy --- hogmmy

nogll nogi2 nogli, noglm,

nog?2! nog22 nog2i, nog2m,
Nog =

nogijl  nogi 2 nogi b nogi;my

nogm 1 nogm2 --- nogmi, --- nogmmy

Here, in the case where the original standard pattern
matrix Ho and the original input pattern matrix No, which
are shown in the equation 1, are normalized by the sum of
the densities of the entire pixels by use of the equation 2, and
thus the standard pattern matrix H and the input pattern
matrix N, which are shown in the equation 4, are created,
then the following equation 20 is established.

[Equation 20] (20)

hoi1 iz
mp my

2 % hoji
J1=1liz=1

hitiy =

. noiyi
Rty = T
2 2 nojy j»
J1=1jp=1

(1 =1,2,3, ....my)
(=1,2,3, ....,mp)
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Moreover, in the case where the original standard pattern
matrix Ho and the original input pattern matrix No, which
are shown in the equation 1, are normalized by the maxi-
mum value of the densities of the entire pixels by use of the
equation 3, and thus the standard pattern matrix H and the
input pattern matrix N, which are shown in the equation 4,
are created, then the following equation 21 is established.

[Equation 21] (21)

i hoiy iy
ni2 = ——7—"
maxihoj jo}
. noiy iy
Rijly = —————
max{roj; j»}
(h1=1,23,... ,m)

(2=1,2,3,... ,mp)

Values of denominators in the right sides in the equation
20 are the sums of the densities of the entire pixels of the
standard image and the input image, respectively, which are
constants. Moreover, values of denominators in the right
sides in the equation 21 are the maximum values of the
densities of the entire pixels of the standard image and the
input image, respectively, which are also constants. Accord-
ingly, Ch and Cn are defined as constants, and the equation
20 and the equation 21 are integrated and represented as in
the following equation 22.

[Equation 22] (22)

hiyiy = hoiyiy | Ch
niyly = noiyi, [ Cn
(h1=1,2,3, ...,m)
(2=1,2,3, ....,m)

The equation 22 is substituted into the equation 12, then
the equation 18 is used, and thus the following equation 23
is obtained.

[Equation 23] (23)

my m
hgjja =) Y & jrio- (hoirir | Ch)
i=liy=1
= hogj, j2/ Ch
mom
ngiijr =Y. Y & jrio-(noiviz/ Cn)

ij=lip=1

= nogj, ja/ Cn

(i1=1,2,3, ....mp)
(2=1,2,3, ....my)

From the equation 23, with regard to j, j,=1,2, ..., m,)
and j, (j,=1, 2, . . ., m,), it is understood that the element
value hgj,j, of the weighted standard pattern matrix is
obtained by dividing the element value hogj,j, of the origi-
nal and weighted standard pattern matrix by the constant Ch,
and that the element value ngj,j, of the weighted input
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pattern matrix is obtained by dividing the element value
nogj j, of the original and weighted input pattern matrix by
the constant Cn.

FIG. 20 is a schematic diagram showing the relationships
of the equation 23. FIG. 20 shows arrows directed from an
origin O to a point of the weighted standard pattern matrix
Hg, a point of the weighted input pattern matrix Ng, a point
of the original and weighted standard pattern matrix Hog,
and a point of the original and weighted input pattern matrix
Nog, respectively, in an m, xm, dimension pattern space. In
FIG. 20, a state is shown, where the origin O, the point of
the weighted standard pattern matrix Hg and the point of the
original and weighted standard pattern matrix Hog are
arrayed on one straight line, and the origin O, the point of the
weighted input pattern matrix Ng and the point of the
original and weighted input pattern matrix Nog are arrayed
on the other straight line, based on the relationships of the
equation 23.

Moreover, from the equation 16, it is understood that the
geometric distance d can be calculated by carrying out the
conventional calculation for the Fuclid distance by use of
the element value hgj,j, of the weighted standard pattern
matrix and the element value ngj,j, of the weighted input
pattern matrix. In this connection, FIG. 20 shows that the
geometric distance d; becomes a Euclid distance between
the point of the weighted standard pattern matrix Hg and the
point of the weighted input pattern matrix Ng.

Meanwhile, in the image recognition for the binary
images and images other than the binary images, both of
which are mixedly present, generally, it is not previously
known in many cases whether each input image is a binary
image or an image other than the binary image. In such a
case, judgment cannot be made as to which of the method for
normalizing the density pattern of the image by the maxi-
mum value of the densities of the entire pixels or the method
for normalizing the density pattern thereof by the sum of the
densities of the entire pixels is to be used for processing the
input image. Accordingly, the value of the geometric dis-
tance d; shown in the equation 16 will not be usable.

In this connection, with regard to the original and
weighted standard pattern matrix and the original and
weighted input pattern matrix, which are created without
normalizing the density pattern of the image, it is convenient
if an angle between these two original and weighted pattern
matrices, that is, an angle between the straight line OHog
and the straight line ONog in FIG. 20, can be used as a
similarity scale. Accordingly, a value of a geometric distance
d, can be calculated as a cosine of the angle between the
original and weighted standard pattern matrix Hog and the
original and weighted input pattern matrix Nog by the
following equation 24. In the equation 24, the geometric
distance value d, is set in a range: -1=d,=+1. Moreover,
when the shape of the original standard pattern matrix Ho
and the shape of the original input pattern matrix No are
similar to each other, accordingly, when the shape of the
original and weighted standard pattern matrix Hog and the
shape of the original and weighted input pattern matrix Nog
are similar to each other, then the value of the angle between
these two original and weighted pattern matrices is reduced,
and therefore, the geometric distance value d, becomes a
value approximate to +1.
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[Equation 24] (24)
mm
>, > nogiiz-hogiy iz
y J1=liz=1
4=
m m S, jmom -
2 % (nogj j2) 2 2 (hogj j2)
J1=1jp=1 J1=1jp=1

The above description for the first subject of the present
invention will be summarized as below. As shown in the
equation 16 and FIG. 20, the geometric distance d between
the standard pattern matrix H and the input pattern matrix N
can be calculated as the Euclid distance between the
weighted standard pattern matrix Hg and the weighted input
pattern matrix Ng. Meanwhile, as shown in the equation 24
and FIG. 20, the geometric distance d , between the original
standard pattern matrix Ho and the original input pattern
matrix No can be calculated as the cosine of the angle
between the original and weighted standard pattern matrix
Hog and the original and weighted input pattern matrix Nog.
Note that, as being understood from FIG. 20, the value of the
angle between the original and weighted standard pattern
matrix Hog and the original and weighted input pattern
matrix Nog is equal to the value of the angle between the
weighted standard pattern matrix Hg and the weighted input
pattern matrix Ng, and therefore, the geometric distance d,
may be calculated as the cosine of the angle between the
weighted standard pattern matrix Hg and the weighted input
pattern matrix Ng.

As above, description has been made for the methods for
calculating the geometric distance value d; and the geomet-
ric distance value d,. Next, consideration will be made for
the actual calculation for the geometric distance value d; and
the geometric distance value d ; between the standard image
and the input image.

The related art (Japanese Patent Application No. 2000-
277749) shows an example of a standard voice and three
input voices. FIGS. 21 and 22 show a standard image and
three input images, which have the same shapes as these.
Specifically, FIGS. 21 and 22 schematically show a state to
be described below with regard to a standard image 1 having
a flat density shape and input images 2, 3 and 4 having the
same sums of the densities of the entire pixels as this
standard image 1 and different density shape features there-
from. In the drawings, an original standard pattern matrix
1Ao of seven rows and nine columns having the density of
the standard image 1 as an element is previously registered.
Then, original input pattern matrices 2A0, 3Ao0 and 4Ao of
seven rows and nine columns having the densities of the
input images 2, 3 and 4 respectively as elements are created.
Subsequently, as similarity scales between the standard
image 1 and the input images 2, 3 and 4, geometric distance
values dz2, d;3 and d;4 and geometric distance values d 2,
d,3 and d 4 are calculated.

Note that, in the calculation of the geometric distance
value dg, on the assumption that instruction is previously
made that the density pattern of the image be normalized by
the sum of the densities of the entire pixels, the normalized
density is obtained by use of the equation 2, the standard
pattern matrix having the normalized density of the standard
image 1 as an element is previously registered, and the input
pattern matrices having the normalized densities of the input
images 2, 3 and 4 respectively as elements are created.
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Here, assumption is made that the input images 2, 3 and
4 have relationships of v, 9, €, C,  and 6 shown in FIG. 22
with respect to a variable a.. Namely, assumption is made
that the changes of the density shapes of the input images 2,
3 and 4 with respect to the density shape of the standard
image 1 are prescribed by the variable o under the relation-
ships shown in FIG. 22.

Moreover, the related art (Japanese Patent Application
No. 2000-277749) shows a standard voice and three input
voices. FIGS. 23 and 24 show a standard image and three
input images, which have the same shapes as these. Spe-
cifically, FIGS. 23 and 24 schematically show a state to be
described below with regard to a standard image 5 having
two peaks in the density shape and input images 6, 7 and 8
having the same sums of the densities of the entire pixels as
this standard image 5 and different peak positions therefrom.
In the drawings, an original standard pattern matrix 5Ao of
seven rows and nine columns having the density of the
standard image 5 as an element is previously registered.
Then, original input pattern matrices 6Ao, 7Ao and 8Ao of
seven rows and nine columns having the densities of the
input images 6, 7 and 8 respectively as elements are created.
Subsequently, as similarity scales between the standard
image 5 and the input images 6, 7 and 8, geometric distance
values dz6, d.7 and d .8 and geometric distance values d 6,
d,7 and d 8 are calculated.

Note that, in the calculation of the geometric distance
value d, on the assumption that the instruction is previously
made so that the density pattern of the image is normalized
by the sum of the densities of the entire pixels, the normal-
ized density is obtained by use of the equation 2, the
standard pattern matrix having the normalized density of the
standard image 5 as an element is previously registered, and
the input pattern matrices having the normalized densities of
the input images 6, 7 and 8 respectively as elements are
created.

Here, assumption is made that the standard image 5 and
the input images 6, 7 and 8 have relationships of w and ¢
shown in FIG. 24 with respect to a variable . Namely,
assumption is made that the changes of the density shapes of
the input images 6, 7 and 8 with respect to the density shape
of the standard image 5 are prescribed by the variable f§
under the relationships shown in FIG. 24.

FIG. 25 shows a state where the geometric distance values
d;2, d;3 and d.4 are changed when the value of the variable
a in FIG. 22 is increased from O to 1. From FIG. 25, it is
understood, in the example of FIGS. 21 and 22, that the
geometric distance values always have a relationship:
d;2=d.3<d 4, and that the geometric distance values dz2,
d;3 and d 4 are increased as the value of the variable o is
increased. Specifically, it is understood that the result of
FIG. 25 is approximately equal to the result in the related art
(Japanese Patent Application No. 2000-277749). Accord-
ingly, from the above result, it can be confirmed that
approximation by the equations 7 and 9 has been suitable.

Meanwhile, FIG. 26 shows a state where the geometric
distance values d, 2, d,3 and d,4 are changed when the
value of the variable a in FIG. 22 is increased from 0 to 1.
From FIG. 26, it is understood, in the example of FIGS. 21
and 22, that the geometric distance values always have a
relationship: d ,2=d ,3>d 4, and that the geometric distance
values d 2, d,3 and d 4 are decreased as the value of the
variable o is increased. The decrease of the geometric
distance values d 2, d,3 and d 4 implies increase of the
value of the angle. Namely, it is understood that the value of
the angle between the original standard pattern matrix 1Ao
and the original input pattern matrix 4Ao is always larger
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than the value of the angle between the original standard
pattern matrix 1Ao and the original input pattern matrix 2A0
or 3Ao. The largeness of the value of the angle implies
largeness of the distance. Accordingly, while the original
input pattern matrices 2A0, 3Ao and 4A0 cannot be distin-
guished with respect to the original standard pattern matrix
1Ao by means of the conventional cosine of the angle as
shown in the related art (Japanese Patent Application No.
2000-277749), it is understood that the original input pattern
matrices 2A0 and 3Ao can be distinguished with respect to
the original input pattern matrix 4Ao by means of the
geometric distance value d, as shown in FIG. 26.

Moreover, FIG. 27 shows a state where the geometric
distance values dz6, d.7 and d 8 are changed when the
value of the variable §§ in FIG. 24 is increased from 0 to 1.
From FIG. 27, it is understood, in the example of FIGS. 23
and 24, that the geometric distance values always have a
relationship: d;6<d;7<d 8, and that the geometric distance
values d;6, d;7 and d.8 are increased as the value of the
variable [} is increased. Namely, it is understood that the
result of FIG. 27 is approximately equal to the result in the
related art (Japanese Patent Application No. 2000-277749).
Accordingly, from the above result, it can be confirmed that
the approximation by the equations 7 and 9 has been
suitable.

Meanwhile, FIG. 28 shows a state where the geometric
distance values d 6, d,7 and d,8 are changed when the
value of the variable §§ in FIG. 24 is increased from 0 to 1.
From FIG. 28, it is understood, in the example of FIGS. 23
and 24, that the geometric distance values always have a
relationship: d 6>d ,7>d 8, and that the geometric distance
values d 6, d,7 and d,8 are decreased as the value of the
variable § is increased. The decrease of the geometric
distance values d 6, d,7 and d,8 implies increase of the
value of the angle. Namely, it is understood that the values
of the angles between the original standard pattern matrix
5A0 and the original input pattern matrices 6Ao, 7Ao and
8Ao are larger in order of the original input pattern matrices
6A0, 7A0 and 8Ao. The largeness of the value of the angle
implies largeness of the distance. Accordingly, while the
original input pattern matrices 6Ao, 7Ao and 8 Ao cannot be
distinguished with respect to the original standard pattern
matrix SAo by means of the conventional cosine of the angle
as shown in the related art (Japanese Patent Application No.
2000-277749), it is understood that the above-described
distinguishment can be made by means of the geometric
distance value d, as shown in FIG. 28.

FIGS. 21 to 24 show the example where the sum of the
densities of the entire pixels of the standard image and the
sums of the densities of the entire pixels of the input images
are all equal. In FIGS. 25 to 28, the geometric distance
values d; and d, between the standard image and the input
images are calculated. Next, with regard to an example
where the sum of the densities of the entire pixels of the
standard image is different from the respective sums of the
densities of the entire pixels of the input images, the
geometric distance values d; and d, between the standard
image and the input images will be calculated, which will be
compared with the conventional Euclid distance value and
cosine value of the angle.

EXPERIMENTAL EXAMPLE

Description will be made for an experimental example
with reference to FIGS. 29, 30, 31A, 31B, 32A and 32B.
FIGS. 29 and 30 schematically show a state to be described
below with regard to a standard image 9 having a density

10

15

20

25

30

35

40

45

50

55

60

65

50

shape of the alphabet “E” and input images 10, 11 and 12
having density shapes of the alphabets “E”, “F” and “G”,
respectively. In the drawings, an original standard pattern
matrix 9Ao of seven rows and nine columns having the
density of the standard image 9 as an element and a standard
pattern matrix 9A of seven rows and nine columns having
the normalized density of the standard image 9 as an element
are previously registered. Moreover, original input pattern
matrices 10Ao0, 11Ao and 12A0 of seven rows and nine
columns having the densities of the input images 10, 11 and
12 as elements respectively and input pattern matrices 10A,
11A and 12A of seven rows and nine columns having the
normalized densities of the input images 10, 11 and 12 as
elements respectively are created. Subsequently, as similar-
ity scales between the standard image 9 and the input images
10, 11 and 12, (conventional) Euclid distances e;10, e;11
and ez11, (conventional) cosines of angles ¢,10, e, 11 and
e 12, geometric distances dz10, d;11 and dz12, and geo-
metric distances d 10, d 11 and d 12 are calculated.

Note that the standard image 9 and the respective input
images 10, 11 and 12 are binary images, in which the density
of the character portion of the image is 1, and the density of
the background portion thereof is 0. Moreover, in the
calculation of the geometric distance dj, on the assumption
that the instruction is previously made that the density
pattern of the image be normalized by the maximum value
of the densities of the entire pixels, the normalized density
is obtained by use of the equation 3. In this case, the
normalized density of the character portion of the image
becomes 1, and the normalized density of the background
portion thereof becomes 0. Accordingly, as shown in FIG.
30, the standard pattern matrix 9A and the input pattern
matrices 10A, 11A and 12A will be equal to the original
standard pattern matrix 9Ao and the original input pattern
matrices 10A0, 11Ao and 12Ao0, respectively. Note that, in
FIG. 30, the aggregate of the densities of the entire pixels of
the original standard pattern matrix 9Ao is 31, and the sums
of the densities of the entire pixels of the original input
pattern matrices 10Ao, 11A0 and 12A0 are 27, 23 and 29,
respectively, all of which are different from one another.

FIGS. 31A and 31B are bar graphs showing the Euclid
distance values e.;10, e;11 and e 12 and the geometric
distance values d;10, d;11 and d;12, respectively, both of
which are obtained from the experiment.

As described above, FIGS. 31A and 31B show the respec-
tive distance values between the standard image and the
input images, which are obtained by calculating the Fuclid
distance values e and the geometric distance values d from
the same measurement data. According to FIGS. 31A and
31B, the following can be mentioned.

(1) In FIG. 31A, among the Euclid distance values e.10,
ez11 and e;12, the Euclid distance value ez12 is the small-
est. Specifically, it is understood that, among the Fuclid
distance values between the standard pattern matrix 9A and
the input pattern matrices 10A, 11A and 12A, the Euclid
distance value e;12 between the standard pattern matrix 9A
and the input pattern matrix 12A is the smallest. Moreover,
in FIG. 31B, among the geometric distance values d.10,
dZ11 and dz12, the geometric distance value dz10 is the
smallest. Specifically, it is understood that, among the geo-
metric distance values between the standard pattern matrix
9A and the input pattern matrices 10A, 11A and 12A, the
geometric distance value d;10 between the standard pattern
matrix 9A and the input pattern matrix 10A is the smallest.

(2) In FIGS. 29 and 30, the input image 10 is a character in
the same category as the standard image 9, in which a
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“positional shift” occurs in a longitudinal line thereof, and
the input image 11 and the input image 12 are characters in
categories different from the standard image 9. Here, when
the Euclid distance values are used, at whichever position
(value) an allowed value may be set in FIG. 31A, judgment
will be made by mistake that the input image 12 is the
standard image, or alternatively, that none of the three input
images is the standard image. On the contrary, when the
geometric distance values d are used, if the allowed value
is set at the position shown in FIG. 31B, then judgment can
be made that the input image 10 is the standard image and
that the input images 11 and 12 are not the standard images.

Meanwhile, FIGS. 32A and 32B are bar graphs showing
the angular cosine values e 10, e, 11 and e,12 and the
geometric distance values d 10, d 11 and d 12, respec-
tively, both of which are obtained from the experiment.

As described above, FIGS. 32A and 32B show the respec-
tive distance values between the standard image and the
input images, which are obtained by calculating the angular
cosine values ea and the geometric distance values d, from
the same measurement data. According to FIGS. 32A and
32B, the following can be mentioned.

(1) In FIG. 32A, among the angular cosine values e 10, e 11
and e 12, the angular cosine value e, 12 is the largest.
Namely, it is understood that, among the angular cosine
values between the original standard pattern matrix 9Ao and
the original input pattern matrices 10Ao, 11Ao and 12Ao0,
the angular cosine value e 12 between the original standard
pattern matrix 9Ao and the original input pattern matrix
12A0 is the largest. The largeness of the angular cosine
value implies shortness of the distance. Moreover, in FIG.
32B, among the geometric distance values d 10, d 11 and
d 12, the geometric distance value d 10 is the largest.
Specifically, it is understood that, among the geometric
distance values between the original standard pattern matrix
9Ao and the original input pattern matrices 10Ao, 11Ao and
12 Ao, the geometric distance value d ;10 between the origi-
nal standard pattern matrix 9Ao and the original input
pattern matrix 10Ao is the largest. The largeness of the
geometric distance value implies shortness of the distance.

(2) In FIGS. 29 and 30, the input image 10 is a character in
the same category as the standard image 9, in which a
“positional shift” occurs in a longitudinal line thereof, and
the input image 11 and the input image 12 are characters in
categories different from the standard image 9. Here, when
the angular cosine values are used, at whichever position
(value) an allowed value may be set in FIG. 32A, judgment
will be made by mistake that the input image 12 is the
standard image, or alternatively, that none of the three input
images is the standard image. On the contrary, when the
geometric distance values d, are used, if the allowed value
is set at the position shown in FIG. 32B, then judgment can
be made that the input image 10 is the standard image and
that the input images 11 and 12 are not the standard images.

From the results of the above experiments, the following
can be understood. In the case where the method for
normalizing a density pattern of an image is previously
instructed, the use of the geometric distance d enables more
accurate detection of the similarity between the images than
the use of the Euclid distance. Meanwhile, in the case where
the method for normalizing a density pattern of an image is
not previously instructed, the use of the geometric distance
d, enables more accurate detection of the similarity between
the images than the use of the cosine of the angle.

Next, description will be made for examples where, by
use of the method for detecting a similarity between images
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described above, a computer continuously detects a similar-
ity between images to recognize an image with reference to
FIGS. 33 to 42. Note that FIGS. 33 to 37 show an example
of recognizing an image by use of the geometric distance
value dg, and that FIGS. 38 to 42 show an example of
recognizing an image by use of the geometric distance value

FIG. 33 is a flowchart for recognizing an image by a
computer by use of the geometric distance value d,. In FIG.
33, the standard pattern matrix H is previously created from
the standard image in step Sal, and the weighted standard
pattern matrix Hg is previously calculated from the standard
pattern matrix H in step Sa2. Here, the calculation procedure
for the weighted standard pattern matrix Hg in step Sa2 is
constituted of steps Sa2-1 to Sa2-8 shown in FIG. 34. In the
next step Sa3, the input pattern matrix N is created from the
input image, and in step Sad, the weighted input pattern
matrix Ng is calculated from the input pattern matrix N.
Here, the calculation procedure for the weighted input
pattern matrix Ng in step Sad is constituted of steps Sad-1
to Sa4-8 shown in FIG. 35. Then, in step Sa5, the Euclid
distance between the weighted standard pattern matrix Hg
and the weighted input pattern matrix Ng, that is, the
geometric distance value d between the standard pattern
matrix H and the input pattern matrix N is calculated, which
is then compared with an allowed value to make judgment
in step Saé. After the judgment, the processing from step Sa3
is iterated again.

According to the processing procedure as described
above, the images can be continuously recognized. When
the geometric distance value dj is larger than the allowed
value, the input image is judged not to be the standard image
in step Sa7, and when the geometric distance value d is
equal to/less than the allowed value, the input image is
judged to be the standard image in step Sa8.

Incidentally, in the image recognition, generally, recog-
nition is made in many cases as to which of plural images the
input image is, for example, like images of the alphabets
“A” “B”, “C”, “D” and “E”. In such a case, the respective
images of “A”, “B”, “C”, “D” and “E” are regarded as
individual standard images, and from these standard images,
five standard pattern matrices are previously created.

Next, one input pattern matrix is created from the input
image, and geometric distance values d, between this input
pattern matrix and the five standard pattern matrices are
calculated. Then, the minimum value among these geomet-
ric distance values d is compared with an arbitrarily set
allowed value. When the minimum geometric distance value
d; is equal to/less than the allowed value, the input image is
judged to be a standard image giving the minimum geomet-
ric distance value dg, and otherwise, the input image is
judged not to be any of the five standard images.

FIG. 34 is a flowchart showing a processing procedure for
calculating the m, xm, pieces of element values hgj,j, of the
weighted standard pattern matrix Hg. Here, the processing
procedure after creating the standard pattern matrix H by the
equation 4 is shown, and steps Sa2-1 to Sa2-8 in FIG. 34 are
details of step Sa2 in FIG. 33.

In FIG. 34, in the first step Sa2-1, initial setting is
previously made as: j;=1; and j,=1. Then, in the following
steps Sa2-2 to Sa2-6, j, is increased one by one to j,=m,, and
in steps Sa2-2 to Sa2-8, j, is increased one by one to j,=m,.
In such a manner, the processing enters a loop for calculating
the element values hgj,j, of the weighted standard pattern
matrix Hg.

In step Sa2-2 in this element value calculation loop, for
each circulation in the loop, the reference pattern vector
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Kj,j, is created by use of the following equations 25, 26, 27
and 28 in this order. Namely, the maximum value of the
length between the point (j,, j,) and each point is obtained
by the equation 25, the variance value of the normal distri-
bution is calculated by the equation 26, and the reference
pattern vector having the value of the normal distribution as
an element is created by the equations 27 and 28. In step
Sa2-3, the weighting vector Gj,j, is created by use of the
equations 6 and 13 in this order. Specifically, by the equation
6, the change rate in kurtosis of the reference pattern vector
shown in FIG. 14A is obtained, and by the equation 13, the
weighting vector having the value of the change rate in
kurtosis as an element is created. Next, in step Sa2-4, the
element value hgj,j, of the weighted standard pattern matrix
Hg is calculated by use of the coming equation 29 and the
precedent equation 12 in this order. Specifically, by the
equation 29, the length between the point (j,, j,) and each
point is obtained to calculate the element number i, of the
weighting vector proximate to the position apart from the
center of the weighting vector by the above-described
length, and by the equation 12, the element value hgj,j, of
the weighted standard pattern matrix Hg is calculated.

[Equation 25] (25)
.. (my — jO? (=) 2
Amyl =
S \/{ =t} *lom=n
(i1=1,2,3, ....my)
(2=1,2,3, ....ma)
[Equation 26] (26)
.. Amljijs
Tii)2= 14
(i1=1,2,3, ....my)
(2=1,2,3, ....my)
[Equation 27] 27
Kiy 57 = (i B0 A2,y s e K o)
Ky 57 = Gy 5L kG 5720 e ki 5 o, s TS o)
(i1=1,2,3, ....my)
(2=1,2,3, ....my)
[Equation 28] (28)
L . mo+l .
Lj, jplo = | do = 3 ‘XA}’th
(o=1,2,3, ...,mo)
(i1=1,2,3, ....my)
(2=1,2,3, ....my)
[Equation 29] 29
for iy =1,2,3, ..., my;
h=1,2,3, ...,mp;
A (= jOVv¢ (2= jf
A =
= (G (o)
(i1=1,2,3, ....mp)
(2=1,2,3, ....my)

According to the processing procedure as described
above, for the respective cases corresponding to the j,j,
elements (j,=1, 2, . . ., m,) (j,=1, 2, . . ., m,), the m xm,
pieces of element values hgj,j, of the weighted standard
pattern matrix Hg can be calculated.

Similarly, FIG. 35 is a flowchart showing a processing
procedure for calculating the m,xm, pieces of element
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values ngj,j, of the weighted input pattern matrix Ng. Here,
the processing procedure after creating the input pattern
matrix N by the equation 4 is shown. Steps Sa4-1 to Sa4-8
are also details of step Sa4 in FIG. 33.

In FIG. 35, the element values hgj,j, of the weighted
standard pattern matrix Hg in FIG. 34 are substituted into the
element values ngj,j, of the weighted input pattern matrix
Ng, and the same processing procedure as FIG. 34 is
executed.

Moreover, FIG. 36 shows the processing procedure for
calculating the element value hgj,j, of the weighted standard
pattern matrix Hg from the element values hii, (i,=l1,
2,...,m)(i,=1, 2, ..., m,) of the standard pattern matrix
H and the element values gj,j,i, (i,=1, 2, . . ., m,) of the
weighting vector Gj,j,. FIG. 36 is also a schematic diagram
of step Sa2-4 in FIG. 34.

In FIG. 36, the following state is shown. The length
M 15),j, between the j,j, element and the 1,1, element of the
standard pattern matrix H is obtained, and the element
number i, of the weighting vector proximate to the position
apart from the center of the weighting vector by the above-
described length is calculated. Then, the value of the product
of the element value gj,j,i, of the above-described element
number of the weighting vector and the element value hi, i,
of'the 1,1, element of the standard pattern matrix is obtained,
and the product-sum value obtained by adding the value of
the product for the entire elements of the standard pattern
matrix is calculated. Then, the product-sum value is defined
as the element value hgj,j, of the weighted standard pattern
matrix Hg. Note that reference codes V (inverse triangle) in
FIG. 36 denote multipliers, and codes 2 (summation codes)
therein denote adders. From FIGS. 36 and 17, it is under-
stood that the element value hi,i, of the standard pattern
matrix is multiplied by the weighting factor gj,j,i, based on
the length Ai;isj,j,.

Similarly, FIG. 37 shows a processing procedure for
calculating the element value ngj,j, of the weighted input
pattern matrix Ng from the element values nii, (i,=1,
2,...,my)(i,=1, 2, ..., m,) of the input pattern matrix N
and the element values gj,j,i, (i,=1, 2, . . ., m ) of the
weighting vector Gj,j,. FIG. 37 is also a schematic diagram
of step Sad-4 in FIG. 35. Reference codes V in FIG. 37
denote multipliers, and codes 2 therein denote adders.

In FIG. 37, the element values hi,i, (i;=1, 2, . . . , m,)
(1,=1, 2, . . ., m,) of the standard pattern matrix H and the
element value hgj,j, of the weighted standard pattern matrix
Hg in FIG. 36 are substituted into the element values ni;i,
1,=1,2,...,m)) (i,=1, 2, . . ., m,) of the input pattern
matrix N and the element value ngj, j, of the weighted input
pattern matrix Ng, respectively, and the same processing
procedure as FIG. 36 is executed.

Hence, in accordance with the processing procedures
shown in FIGS. 34 to 37, for the respective cases corre-
sponding to the j,j, elements (j,=1, 2, . . ., m;) (j,=1,
2,...,m,), the m, xm, pieces of element values hgj,j, of the
weighted standard pattern matrix Hg and the m, xm, pieces
of'element values ngj, j, of the weighted input pattern matrix
Ng can be calculated.

Meanwhile, FIG. 33 is a flowchart for recognizing an
image by a computer by use of the geometric distance value
d,. In FIG. 38, the original standard pattern matrix Ho is
previously created from the standard image in step Sb1, and
the original and weighted standard pattern matrix Hog is
previously calculated from the original standard pattern
matrix Ho in step Sb2. Here, the calculation procedure for
the original and weighted standard pattern matrix Hog in
step Sb2 is constituted of steps Sb2-1 to Sb2-8 shown in
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FIG. 39. In the next step Sb3, the original input pattern
matrix No is created from the input image, and in step Sbh4,
the original and weighted input pattern matrix Nog is
calculated from the original input pattern matrix No. Here,
the calculation procedure for the original and weighted input
pattern matrix Nog in step Sb4 is constituted of steps Sb4-1
to Sb4-8 shown in FIG. 40. Then, in step Sb5, the cosine of
the angle between the original and weighted standard pattern
matrix Hog and the original and weighted input pattern
matrix Nog, that is, the geometric distance value d, between
the original standard pattern matrix Ho and the original input
pattern matrix No is calculated, which is then compared with
an allowed value to make judgment in step Sb6. After the
judgment, the processing from step Sb3 is iterated again.

According to the processing procedure as described
above, the images can be continuously recognized. When
the geometric distance value d is smaller than the allowed
value, the input image is judged not to be the standard image
in step Sb7, and when the geometric distance value d is
equal to/larger than the allowed value, the input image is
judged to be the standard image in step Sh8.

Incidentally, in the image recognition, generally, recog-
nition is made in many cases as to which of plural images the
input image is, for example, like images of the alphabets
“A” “B”, “C”, “D” and “E”. In such a case, the respective
images of “A,” “B”, “C”, “D” and “E” are regarded as
individual standard images, and from these standard images,
five original standard pattern matrices are previously cre-
ated.

Next, one original input pattern matrix is created from the
input image, and geometric distance values d , between this
original input pattern matrix and the five original standard
pattern matrices are calculated. Then, the maximum value
among these geometric distance values d, is compared with
an arbitrarily set allowed value. When the maximum geo-
metric distance value d, is equal to/larger than the allowed
value, the input image is judged to be a standard image
giving the maximum geometric distance value d,, and
otherwise, the input image is judged not to be any of the five
standard images.

FIG. 39 is a flowchart showing a processing procedure for
calculating the m,xm, pieces of element values hogj,j, of
the original and weighted standard pattern matrix Hog. Here,
the processing procedure after creating the original standard
pattern matrix Ho by the equation 1 is shown, and steps
Sb2-1 to Sb2-8 in FIG. 39 are details of step Sb2 in FIG. 38.

In FIG. 39, in the first step Sb2-1, initial setting is
previously made as: j;=1; and j,=1. Then, in the following
steps Sb2-2 to Sb2-6, j, is increased one by one to j,=m,,
and in steps Sb2-2 to Sb2-8, j, is increased one by one to
j;=m,. In such a manner, the processing enters a loop for
calculating the element values hogj,j, of the original and
weighted standard pattern matrix Hog.

In step Sb2-2 in this element value calculation loop, for
each circulation in the loop, the reference pattern vector
Kj,j, is created by use of the equations 25, 26, 27 and 28 in
this order. Namely, the maximum value of the length
between the point (j,, j,) and each point is obtained by the
equation 25, the variance value of the normal distribution is
calculated by the equation 26, and the reference pattern
vector having the value of the normal distribution as an
element is created by the equations 27 and 28. In step Sb2-3,
the weighting vector Gj,j, is created by use of the equations
6 and 13 in this order. Specifically, by the equation 6, the
change rate in kurtosis of the reference pattern vector shown
in FIG. 14A is obtained, and by the equation 13, the
weighting vector having the value of the change rate in
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kurtosis as an element is created. Next, in step Sh2-4, the
element values hogj, j, of the original and weighted standard
pattern matrix Hog are calculated by use of the equations 29
and 18 in this order. Specifically, by the equation 29, the
length between the point (j,, j,) and each point is obtained
to calculate the element number i, of the weighting vector
proximate to the position apart from the center of the
weighting vector by the above-described length, and by the
equation 18, the element values hogj,j, of the original and
weighted standard pattern matrix Hog are calculated.

According to the processing procedure as described
above, for the respective cases corresponding to the j,j,
elements (j;=1,2, ..., m,) (j,=1, 2, . . ., m,), the m,;xm,
pieces of element values hogj,j, of the original and weighted
standard pattern matrix Hog can be calculated.

Similarly, FIG. 40 is a flowchart showing a processing
procedure for calculating the m,xm, pieces of element
values nogj,j, of the original and weighted input pattern
matrix Nog. Here, the processing procedure after creating
the original input pattern matrix No by the equation 1 is
shown. Steps Sb4-1 to Sb4-8 are also details of step Sb4 in
FIG. 38.

In FIG. 40, the element values hogj,j, of the original and
weighted standard pattern matrix Hog in FIG. 39 are sub-
stituted into the element values nogj,j, of the original and
weighted input pattern matrix Nog, and the same processing
procedure as FIG. 39 is executed.

Moreover, FIG. 41 shows the processing procedure for
calculating the element value hogj,j, of the original and
weighted standard pattern matrix Hog from the element
values hoi,i, (i,=1, 2, ..., m;) (i,=1, 2, . . ., m,) of the
original standard pattern matrix Ho and the element values
2.1, (1,=1, 2, . .., m,) of the weighting vector Gj,j,. FIG.
41 is also a schematic diagram of step Sb2-4 in FIG. 39.

In FIG. 41, the following state is shown. The length
M 15],j, between the j,j, element and the 1,1, element of the
original standard pattern matrix Ho is obtained, and the
element number i, of the weighting vector proximate to the
position apart from the center of the weighting vector by the
above-described length is calculated. Then, the value of the
product of the element value gj,j,i, of the above-described
element number of the weighting vector and the element
value hoi;i, of the i,i, element of the original standard
pattern matrix is obtained, and the product-sum value
obtained by adding the value of the product to the entire
elements of the original standard pattern matrix is calcu-
lated. Then, the product-sum value is defined as the element
value hogj,j, of the original and weighted standard pattern
matrix Hog. Note that reference codes V in FIG. 41 denote
multipliers, and codes X therein denote adders. From FIGS.
41 and 17, it is understood that the element value hoi,i, of
the original standard pattern matrix is multiplied by the
weighting factor gj,j,i, based on the length Aiisj,js.

Similarly, FIG. 42 shows a processing procedure for
calculating the element value nogj,j, of the original and
weighted input pattern matrix Nog from the element values
noii, (1,=1, 2, . .., m;) (i,=1, 2, . . ., m,) of the original
input pattern matrix No and the element values gj,j,i, (i,=1,
2, ..., m,) of the weighting vector Gj,j,. FIG. 42 is also a
schematic diagram of step Sb4-4 in FIG. 40. Reference
codes V in FIG. 42 denote multipliers, and codes X therein
denote adders.

In FIG. 42, the element values ho 1,1, (i;=1, 2, . . ., m;)
(1,=1, 2, ..., m,) of the original standard pattern matrix Ho
and the element value hogj,j, of the original and weighted
standard pattern matrix Hog in FIG. 41 are substituted into
the element values no 1,1, (1,=1, 2, ..., m,) (i,=1,2, ...,
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m,) of the original input pattern matrix No and the element
value nogj,j, of the original and weighted input pattern
matrix Nog, respectively, and the same processing procedure
as FIG. 41 is executed.

Hence, in accordance with the processing procedures
shown in FIGS. 39 to 42, for the respective cases corre-
sponding to the jj, elements (j,=1, 2, . . ., m;) (j,=1,
2,...,m,), the m;xm, pieces of element values hogj,j, of
the original and weighted standard pattern matrix Hog and
the m,xm, pieces of element values nogj,j, of the original
and weighted input pattern matrix Nog can be calculated.

FIGS. 43 and 44 are block diagrams showing apparatuses
for detecting a similarity between images, which realize the
calculation procedures for the geometric distance value d
and the geometric distance value d , respectively.

In FIG. 43, a reference numeral 13 denotes a pattern
vector generator, a numeral 14 denotes a weighting vector
generator, numerals 15 and 16 denote pattern matrix gen-
erators, and numerals 17, 18 and 19 denote calculators.

The pattern vector generator 13 generates the reference
pattern vector Kj,j, having the value of the normal distri-
bution as an element. The weighting vector generator 14
generates the weighting vector Gj,j, having the value of the
change rate in kurtosis of the reference pattern vector Kj,j,
as an element. The pattern matrix generator 15 generates the
standard pattern matrix H having the feature quantity of the
standard image as an element. The pattern matrix generator
16 generates the input pattern matrix N having the feature
quantity of the input image as an element. The calculator 17
obtains the length between the specified element and each
element of the standard pattern matrix, calculates the ele-
ment number of the weighting vector proximate to the
position apart from the center of the weighting vector by the
above-described length, obtains the value of the product of
the element value of the above-described element number of
the weighting vector Gj,j, and the element value of each
element of the standard pattern matrix H, and calculates the
product-sum value obtained by adding the value of the
product to each element of the standard pattern matrix. Here,
in calculating the product-sum value, the calculator 17
obtains the product-sum value while moving the specified
element of the standard pattern matrix to the position of each
element, and thus generates the weighted standard pattern
matrix Hg having the above-described product-sum value as
an element value of the specified element. The calculator 18
obtains the length between the specified element and each
element of the input pattern matrix, and calculates the
element number of the weighting vector proximate to the
position apart from the center of the weighting vector by the
above-described length. Then, the calculator 18 obtains the
value of the product of the element value of the above-
described element number of the weighting vector Gj,j, and
the element value of each element of the input pattern matrix
N, and calculates the product-sum value obtained by adding
the value of the product to each element of the input pattern
matrix. Here, in calculating the product-sum value, the
calculator 18 obtains the product-sum value while moving
the specified element of the input pattern matrix to the
position of each element, and thus generates the weighted
input pattern matrix Ng having the above-described product-
sum value as an element value of the specified element. The
calculator 19 calculates the Euclid distance between the
weighted standard pattern matrix Hg generated by the cal-
culator 17 and the weighted input pattern matrix Ng gener-
ated by the calculator 18, and thus obtains the geometric
distance value d between the standard pattern matrix H and
the input pattern matrix N.
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Meanwhile, in FIG. 44, a reference numeral 20 denotes a
pattern vector generator, a numeral 21 denotes a weighting
vector generator, numerals 22 and 23 denote pattern matrix
generators, and numerals 24, 25 and 26 denote calculators.

The pattern vector generator 20 generates the reference
pattern vector Kj,j, having the value of the normal distri-
bution as an element. The weighting vector generator 21
generates the weighting vector Gj,j, having the value of the
change rate in kurtosis of the reference pattern vector Kj,j,
as an element. The pattern matrix generator 22 generates the
original standard pattern matrix Ho having the feature
quantity of the standard image as an element. The pattern
matrix generator 23 generates the original input pattern
matrix No having the feature quantity of the input image as
an element. The calculator 24 obtains the length between the
specified element and each element of the original standard
pattern matrix, calculates the element number of the weight-
ing vector proximate to the position apart from the center of
the weighting vector by the above-described length, obtains
the value of the product of the element value of the above-
described element number of the weighting vector Gj,j, and
the element value of each element of the original standard
pattern matrix Ho, and calculates the product-sum value
obtained by adding the value of the product to each element
of the original standard pattern matrix. Here, in calculating
the product-sum value, the calculator 24 obtains the product-
sum value while moving the specified element of the origi-
nal standard pattern matrix to the position of each element,
and thus generates the original and weighted standard pat-
tern matrix Hog having the above-described product-sum
value as an element value of the specified element. The
calculator 25 obtains the length between the specified ele-
ment and each element of the original input pattern matrix,
calculates the element number of the weighting vector
proximate to the position apart from the center of the
weighting vector by the above-described length, obtains the
value of the product of the element value of the above-
described element number of the weighting vector Gj,j, and
the element value of each element of the original input
pattern matrix No, and calculates the product-sum value
obtained by adding the value of the product to each element
of the original input pattern matrix. Here, in calculating the
product-sum value, the calculator 25 obtains the product-
sum value while moving the specified element of the origi-
nal input pattern matrix to the position of each element, and
thus generates the original and weighted input pattern matrix
Nog having the above-described product-sum value as an
element value of the specified element. The calculator 26
calculates the cosine value of the angle between the original
and weighted standard pattern matrix Hog generated by the
calculator 24 and the original and weighted input pattern
matrix Nog generated by the calculator 25, and thus obtains
the geometric distance value d, between the original stan-
dard pattern matrix Ho and the original input pattern matrix
No.

As above, description has been made for the solving
means for the first subject of the present invention. Next,
description will be made for the solving means for the
second subject of the present invention.

In the handwritten character recognition, a deformed
character occurs for each writing even if the same character
is written. Therefore, a method is usually adopted, in which
a large number of human beings write the same character
repeatedly, and a plurality of standard images are registered
for each character.

For example, FIG. 45 shows two examples of binary
images of the alphabet “E” and two examples of binary
images of the alphabet “F”, which are defined as standard
images 27 and 28 of “E” and standard images 29 and 30 of
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“F”. The alphabet “E” and the alphabet “F” are different in
category. Note that the density of the character portion in
each of these standard images is set at 1, and that the density
of the background portion therein is set at 0. Moreover, FIG.
45 schematically shows the respective geometric distances
d_ between the standard images as dz27-28, dz29-30,
d;27-29, d.27-30, d.28-29 and d.28-30. Note that
dz27-28 indicated by a solid-line arrow is a geometric
distance between the standard images 27 and 28 of “E” in
the same category, and that d;29-30 indicated by a solid-
line arrow is a geometric distance between the standard
images 29 and 30 of “F” in the same category. dz27-29 and
dz27-30 indicated by broken-line arrows are geometric
distances between the standard image 27 of “E” and the
standard images 29 and 30 of “F”, which are different in
category. dz28-29 and d 28-30 indicated by broken-line
arrows are geometric distances between the standard image
28 of “E” and the standard images 29 and 30 of “F”, which
are different in category.

Meanwhile, FIG. 45 schematically shows the respective
geometric distances d, between the standard images as
d,27-28, d,29-30, d,27-29, d,27-30, d,28-29 and
d28-30. Note that d ,27-28 indicated by a solid-line arrow
is a geometric distance between the standard images 27 and
28 of “E” in the same category, and that d ,29-30 indicated
by a solid-line arrow is a geometric distance between the
standard images 29 and 30 of “F” in the same category.
d27-29 and d,27-30 indicated by broken-line arrows are
geometric distances between the standard image 27 of “E”
and the standard images 29 and 30 of “F”, which are
different in category. d,28-29 and d,28-30 indicated by
broken-line arrows are geometric distances between the
standard image 28 of “E” and the standard images 29 and 30
of “F”, which are different in category.

Here, if the distance between the standard images in the
same category is shortened, and simultaneously, the distance
between the standard images in the different categories is
elongated, then, as a result, separation of the standard image
in the same category and the standard image in the different
category is improved, and thus recognition performance
when an input image is given is improved.

However, in the equation 26, the square of the ratio value
obtained by dividing the maximum value Am,1j,j, of the
length between the specified element and each element of
the pattern matrix by the constant of 1.4 is defined as the
value of variance of the normal distribution. Namely,
according to the method of the related art (Japanese Patent
Application No. 2000-277749), since the reference pattern
vector is created by use of the normal distribution having the
fixed value of variance, the separation of the standard image
in the same category and the standard image in the different
category is fixed, and thus the recognition performance
when an input image is given cannot be improved.

In order to solve the above-described problem, in the
present invention, the reference pattern vector is created by
use of the normal distribution having a variable variance
value instead of the fixed method of the related art. There-
fore, investigation will be made for a state where the
weighting curve is changed when the above-described con-
stant of 1.4 is substituted into a variable to change the
variance value of the normal curve.

FIG. 46A shows the respective normal curves when the
constant is 1.4 and substituted with 2.1 and 0.7 in the
equation 26. Moreover, FIG. 46B shows the respective
weighting curves created based on the change rates in
kurtosis of these normal curves. From FIGS. 46 A and 468,
it is understood that the normal curve becomes gentler and
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the weighting curve is extended to the direction parallel to
the u-axis as the value of the variance oj,j,> becomes larger.
Note that the above-described constants 2.1, 1.4 and 0.7 are
numerical values based on the description below.

Specifically, when the mean value: p=0 and the variance
is set as o7, the kurtosis value of the normal curve is equal
to “3”. Then, when the value of the curve f(y) is increased
more than the value of the normal curve in the range of:
-0.70<y<+0.70, the kurtosis value will be larger than “3”.
When the value of the curve f(y) is increased more than the
value of the normal curve in the range of: -2.10<y<-0.70 or
in the range of: +0.70<y<+2.10, the kurtosis value will be
smaller than “3”. Moreover, when the value of the curve f(y)
is increased more than the value of the normal curve in the
vicinity of: y=-0.70 or in the vicinity of: y=+0.70, the
variation of the kurtosis value will be small, and the kurtosis
value will be nearly “3”. On the other hand, when the value
of the curve f(y) is increased more than the value of the
normal curve in the range of: y=-2.10 or in the range of:
y=+2.10, the kurtosis value will be unstable to be larger and
smaller than “3”. All of the above is always established
irrespective of the value of the variance o?.

Next, as shown in FIGS. 46 A and 46B, when the variance
value of the normal curve is changed to extend and contract
the weighting curve in the direction parallel to the u-axis,
investigation will be made for a state where the geometric
distance value d. and the geometric distance value d,
between the standard images are changed with regard to the
standard images 27, 28, 29 and 30 shown in FIG. 45. Note
that, in the above description, the method for calculating the
geometric distance value d; and the geometric distance
value d , between the standard image and the input image has
been shown. However, the input image can be substituted
into the standard image, and by the method similar to the
above description, the geometric distance value d and the
geometric distance value d, between two standard images
can be calculated.

Here, consideration will be made for the case of using the
geometric distance d. In order to examine the state where
the geometric distance values between the standard images
are changed, as shown in the following equation 30, a ratio
value R; (Cg) of mean values is calculated, which is
obtained by dividing a mean geometric distance value
between the standard images in the same category by the
mean geometric distance value between the standard images
in the different categories. Note that, as assumption, the
constants of 2.1, 1.4 and 0.7 in FIG. 46 are substituted with
the variable Cg, the value of the variable Cg is changed in
the range of: 0.7=Cg=2.1, and the ratio value R (Cg) of the
mean values in this case is calculated. Moreover, in the
calculation of the geometric distance d, as assumption, the
normalized density is obtained by use of the equation 3 on
the assumption that the normalization of the density pattern
of the image by the maximum value of the densities of the
entire pixels is previously instructed.

[Equation 30] (30)

when o j) jo =Amlj1j2/Cg, Re(Cg) =

dp27-28 +dg29 - 30
2

dr27 — 20+ dp27 — 30 + dg28 — 20 + dg28 — 30
4
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In the equation 30, as the value of the variable Cg is
increased, the value of the variance oj,j,” is decreased.
Accordingly, the weighting curve is contracted in the direc-
tion parallel to the u-axis, and the geometric distance values
d;27-28, d,29-30, d;27-29, d.27-30, d,28-29 and
d;28-30 between the respective standard images are also
changed in value in the range of: d.=0. Here, the numerator
of Rz(Cg) in the equation 30 is the mean geometric distance
value between the standard images in the same category, and
the denominator thereof is the mean geometric distance
value between the standard images in the different catego-
ries. Therefore, when the ratio value R (Cg) of the mean
values becomes minimum, the distance between the stan-
dard images in the same category is shortened, and simul-
taneously, the distance between the standard images in the
different categories is elongated. Accordingly, the weighting
curve created based on the value of the variable Cg mini-
mizing the ratio value R;(Cg) of the mean values becomes
optimal.

FIG. 47 shows a state where the ratio value R;(Cg) of the
mean values is changed when the value of the variable Cg
is increased from 0.7 to 2.1 with regard to the standard
images 27, 28, 29 and 30 shown in FIG. 45. From FIG. 47,
it is understood that the ratio value R, (Cg) of the mean
values takes the minimum value of 0.163 when Cg=1.65.

Accordingly, with regard to the standard images 27, 28,
29 and 30 shown in FIG. 45, from the result of FIG. 47, the
weighting curve creased based on the value of: Cg=1.65
becomes optimal, and in this case, the value R (Cg)
becomes equal to 0.163. Note that, in the case of using the
conventional Fuclid distance for the standard images 27, 28,
29 and 30 shown in FIG. 45, the ratio value of mean values,
which is obtained by dividing the mean Euclid distance
value between the standard images in the same category by
the mean Euclid distance value between the standard images
in the different categories, becomes 0.472. From the above
results, it can be understood that the use of the geometric
distance d improves the separation of the standard image in
the same category and the standard image in the different
category more than the use of the FEuclid distance, and thus
enhances the recognition performance when an input image
is given.

Meanwhile, consideration will be made for the case of
using the geometric distance d,. In order to examine the
state where the geometric distance values between the
standard images are changed, as shown in the following
equation 31, a difference value R (Cg) of mean values is
calculated, which is obtained by subtracting a mean geo-
metric distance value between the standard images in the
different categories from the mean geometric distance value
between the standard images in the same category. Note that,
as assumption, the constants of 2.1, 1.4 and 0.7 in FIGS. 46A
and 46B are substituted into the variable Cg, the value of the
variable Cg is changed in the range of: 0.7=Cg=2.1, and the
difference value R ,(Cg) of the mean values in this case is
calculated.

[Equation 31] (31

d427-28 +d,29 -30
2

ds27 =29+ d327 - 30+ d,28 — 29 + d;28 — 30

4

when o j, jo =Amylj1j2/Cg, Ra(Cg) =

In the equation 31, as the value of the variable Cg is
increased, the value of the variance oj,j,” is decreased.
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Accordingly, the weighting curve is contracted in the direc-
tion parallel to the u-axis, and the geometric distance values
d,27-28, d,29-30, d,27-29, d,27-30, d,28-29 and
d,28-30 between the respective standard images are also
changed in value in the range of —-1=d,=+1. Here, the first
term of R (Cg) in the equation 31 is the mean geometric
distance value between the standard images in the same
category, and the second term thereof is the mean geometric
distance value between the standard images in the different
categories. Therefore, when the value R ,(Cg) of a difference
between the mean values becomes maximum, the distance
between the standard images in the same category is short-
ened, and simultaneously, the distance between the standard
images in the different categories is elongated. Accordingly,
a weighting curve created based on the value of the variable
Cg maximizing the difference value R (Cg) of the mean
values becomes optimal.

FIG. 48 shows a state where the difference value R ,(Cg)
of'the mean values is changed when the value of the variable
Cg is increased from 0.7 to 2.1 with regard to the standard
images 27, 28, 29 and 30 shown in FIG. 45. From FIG. 48,
it is understood that the difference value R ,(Cg) of the mean
values takes the maximum value of 0.389 when Cg=1.28.

Accordingly, with regard to the standard images 27, 28,
29 and 30 shown in FIG. 45, from the result of FIG. 48, the
weighting curve created based on the value of: Cg=1.28
becomes optimal, and in this case, the value R (Cg)
becomes equal to 0.389. Note that, in the case of using the
conventional cosine of angle for the standard images 27, 28,
29 and 30 shown in FIG. 45, the difference value of the mean
values, which is obtained by subtracting a mean value of
cosine of angle between the standard images in the different
categories from a mean value of cosine of angle between the
standard images in the same category, becomes 0.129. From
the above result, it can be understood that, in the case of
using the geometric distance d,, the separation of the
standard image in the same category and the standard image
in the different categories is improved more than in the case
of using the cosine of the angle, and thus the recognition
performance when the input image is given is improved.

In the above, as shown in FIG. 46B, for the case of
expanding and contracting the weighting curve in the direc-
tion parallel to the u-axis, the state has been examined,
where the geometric distance values between the standard
images are changed. Next, consideration will be made that
the weighting curve is changed also in a direction perpen-
dicular to the u-axis. However, in this embodiment, consid-
eration will be made limitedly for the following case.
Specifically, when the weighting curve is expanded and
contracted in the direction parallel to the u-axis, and simul-
taneously changed in the direction perpendicular to the
u-axis, similarly to the curve shown in FIG. 46B, the
functional value of the changed weighting curve when u=0
becomes positive. Further, the changed weighting curve
intersects the u-axis on two points and becomes symmetric
with respect to u=0.

In the related art (Japanese Patent Application No. 2000-
277749), by the following expression 32, the entire element
numbers of the positive reference pattern vector and the
negative reference pattern vector are weighted by the con-
stant of 1. Then, with regard to the i,i, element (i,=1,
2,...,m) (i,=1,2, . . ., m,) of the pattern matrix, the
absolute value Ini i,~hii,| of the variation between the
element value hi,i, of the standard pattern matrix and the
element value ni, i, of the input pattern matrix is substituted
into the increasing quantity of the positive reference pattern
vector or the negative reference pattern vector as it is
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irrespective of the element number of the reference pattern
vector. Specifically, in the method of the related art, since the
reference pattern vector is increased by use of the increasing
means having a fixed value of weight, the separation of the
standard image in the same category and the standard image
in the different category is fixed, and thus the recognition
performance when the input image is given cannot be
improved.

[Equation 32]
for i,=1,2,3, . . . , m;;
1,=1,23 ... my
when ni i,>hi,i,, kj,j,™i, is increased by Ini,i,~hi,i,|,
when ni i, <hi,i,, kj,j, i, is increased by Ini,i,—hi,i,|,
.......... (32)
., Iny)
(G,=1,23, ..., m,)

In order to solve the above-described problem, in the
present invention, the reference pattern vector is increased
by use of increasing means having a variable value of weight
instead of the fixed method of the related art. Therefore, as
shown in the following equation 33, the element number i,
(1,=1, 2, ..., m,) of the positive reference pattern vector and
the negative reference pattern vector is weighted with a
variable wj,j,i,, and a value of a product of the variable
Wj,j,1, and the absolute value Ini,i,~hi,i,| of the variation is
substituted into the increasing quantity of the positive ref-
erence pattern vector or the negative reference pattern
vector. Here, it is assumed that the variable wj,j,i, has a
different value for each element number i,. However, with
regard to the element number i, (i,=1, 2, ., my),
assumption is made as: Wwj,j,i,=Wj,j.(m —i,+1); and
WJ 1j2io>0'

[Equation 33]
fori,=1,2,3, ..., m;;
1,=1,2,3, ..., my
when ni,i,>hi,i,,
Kj,j» i, is increased by wj,joiyIni,i,~hi;isl,
when ni,i,<hi,i,,
Kj,i,* i, is increased by wj,j,iq-Ini,i,~hi,i,l.
(33)
., my)
.., my)

Here, weighting the element number i,(i,=1, 2, ..., m,)
of the positive reference pattern vector and the negative
reference pattern vector with the variable wj,j,i, as shown in
the equation 33 is equivalent to weighting the change rate
gj.j.1, of the kurtosis in the element number i, of the
reference pattern vector with the variable wj,j,i, as under-
stood from FIG. 14A. Therefore, such weighting is also
equivalent to weighting the element value gj,j,i, of the
element number i, of the weighting vector with the variable
Wj,j»1,- Accordingly, the same effect can be obtained from
the increasing means shown in the equation 33 and the
change of the weighting curve in the direction perpendicular
to the u-axis. Here, the latter one that is simpler in calcu-
lation processing as compared with the former one will be
examined.

FIG. 49 shows weighting curves created based on cosine
functions having angular coefficient values obtained by
dividing constants of 1.27x, 0.87x and 0.57 by the length
Am,1j,j,, respectively. Here, m is a circular ratio, and
Am,1j,j, is the maximum value of the lengths between the
specified element and the respective elements of the pattern
matrix. From FIG. 49, it is understood that, as the angular
coeflicient value is reduced, the weighting curve is extended
to the direction parallel to the u-axis. Moreover, as shown in
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FIG. 46B, in the weighting curve creased based on the
change rate of the kurtosis of the normal curve, the length
from the u-axis to the maximum value of the weighting
curve is shorter than the length from the u-axis to the
minimum value of the weighting curve. However, it is
understood that, as shown in FIG. 49, in the weighting curve
created based on the cosine function, both of the lengths are
equal to each other. Accordingly, the following can be said.
Specifically, the weighting curve created based on the
change rate of the kurtosis of the normal curve is changed to
the direction perpendicular to the u-axis by multiplying a
positive weighting value thereby, and consequently, the
weighting curve created based on the cosine function is
obtained.

In this connection, next, instead of the weighting curve
created based on the change rate of the kurtosis of the
normal curve, the weighting curve created based on the
cosine function is used to calculate the geometric distance
value d and the geometric distance value d ;. Concretely, as
shown in FIG. 49, with regard to the standard images 27, 28,
29 and 30 shown in FIG. 45, the state is examined, where the
geometric distance value d; and the geometric distance
value d, between the respective standard images are
changed when the weighting curve created based on the
cosine function is expanded and contracted in the direction
parallel to the u-axis.

Here, the case of using the geometric distance d; will be
considered. In order to examine the state where the geomet-
ric distance values between the standard images are
changed, similarly to the equation 30, the ratio value R(Cg)
of the mean values is calculated, which is obtained by
dividing the mean geometric distance value between the
standard images in the same category by the mean geometric
distance value between the standard images in the different
categories. However, assumption is made as below. The
constants of 1.2m, 0.8 and 0.5 in FIG. 49 are substituted
into the variable Cg, the value of the variable Cg is changed
in the range of: 0.5n=Cg=1.2m, and the ratio value Rz(Cg)
of the mean values in this case is calculated. Moreover, in
the calculation of the geometric distance d, it is assumed
that the normalized density is obtained by use of the equa-
tion 3 on the assumption that the normalization of the
density pattern of the image by the maximum value of the
densities of the entire pixels is instructed beforehand.

FIG. 50 shows a state where the ratio value R -(Cg) of the
mean values is changed when the value of the variable Cg
is increased from 0.5z to 1.2x with regard to the standard
images 27, 28, 29 and 30 shown in FIG. 45. From FIG. 50,
it is understood that the ratio value R (Cg) of the mean
values takes the minimum value of 0.193 when Cg=1.07x.

As described above, with regard to the standard images
27, 28, 29 and 30 shown in FIG. 45, in FIG. 47 and FIG. 50,
the minimum values of the ratio values R (Cg) of the mean
values become 0.163 and 0.193, respectively. Accordingly,
since the minimum value of the minimum values of the ratio
values R (Cg) of the mean values is the former one, the
weighting curve created based on the value of: Cg=1.65,
which is shown in FIG. 47 becomes optimal. Specifically, in
the weighting curves shown in FIG. 46B, a weighting curve
created based on a relationship of: 0j,j,=hm,1j,/1.65
becomes optimal.

Meanwhile, consideration will be made for the case of
using the geometric distance d,. In order to examine the
state where the geometric distance values between the
standard images are changed, similarly to the equation 31,
the difference value R ,(Cg) of the mean values is calculated,
which is obtained by subtracting the mean geometric dis-
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tance value between the standard images in the different
categories from the mean geometric distance value between
the standard images in the same category. Note that, as
assumption, the constants of 1.2z, 0.8 and 0.57 in FIG. 49
are substituted into the variable Cg, the value of the variable
Cg is changed in the range of: 0.5n=Cg=1.2x, and the
difference value R ,(Cg) of the mean values in this case is
calculated.

FIG. 51 shows a state where the difference value R ,(Cg)
of'the mean values is changed when the value of the variable
Cg is increased from 0.5m to 1.27 with regard to the standard
images 27, 28, 29 and 30 shown in FIG. 45. From FIG. 51,
it is understood that the difference value R ,(Cg) of the mean
values takes the maximum value of 0.387 when Cg=0.90mx.

As described above, with regard to the standard images
27, 28, 29 and 30 shown in FIG. 45, in FIG. 48 and FIG. 51,
the maximum values of the difference values R ,(Cg) of the
mean values become 0.389 and 0.387, respectively. Accord-
ingly, since the maximum value of the maximum values of
the difference values R ,(Cg) of the mean values is the
former one, the weighting curve created based on the value
of: Cg=1.28, which is shown in FIG. 48 becomes optimal.
Specifically, in the weighting curves shown in FIG. 46B, a
weighting curve created based on a relationship of:
0j,j,=Am, 1j,j,/1.28 becomes optimal.

In the above description, the example has been shown,
where the weighting curve created based on the change rate
of the kurtosis of the normal curve is changed in the
direction perpendicular to the u-axis, and then expanded and
contracted in the direction parallel to the u-axis. However,
the above-described example is equivalent to increasing the
reference pattern vector by use of increasing means having
avariable value of weight after creating the reference pattern
vector by use of the normal distribution having a variable
value of variance.

Incidentally, in the above description, the method for
expanding and contracting the weighting curve in the direc-
tion parallel to the u-axis in order to change the range of the
weighting curve covering the entire (x-y)-normalized plane
has been shown in FIG. 46B, and the method for expanding
and contracting the weighting curve in the direction parallel
to the u-axis as the center of the weighting curve moves on
the (x-y)-normalized plane has been shown in FIG. 19.
These are matters of relative expansion and contraction of
the weighting curve and the u-axis. Accordingly, in the
actual calculation, instead of the expansion and contraction
of the weighting curve with respect to the u-axis, expansion
and contraction of the u-axis with respect to the weighting
curve may be performed contrarily, both of which are
equivalent to each other.

Accordingly, with regard to the latter case, by referring to
the following four examples, description will be made for
the method for obtaining the length between the specified
element and each element of a pattern matrix to calculate the
element number i, of the weighting vector proximate to the
position apart from the center of the weighting vector by the
above-described length.

Note that, in the equation 26, the range of the normal
curve: —-1.40=u=+1.40 covers the entire (x-y)-normalized
plane. On the other hand, in the following first and second
examples, 1.40 is substituted into the variable Cg, and the
range of the weighting curve: -Cg=u=+Cg covers the
entire (x-y)-normalized plane, so that the u-axis is expanded
and contracted with respect to one weighting curve as the
value of the variable Cg is changed. Moreover, in the
following third and fourth examples, the u-axis is expanded
and contracted with respect to one weighting curve as the
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center of the weighting curve is moved on the (x-y)-
normalized plane. In this case, with regard to these four
examples, the method for calculating the element number i,
is shown.

As the first example, FIGS. 52A, 52B and 52C show a
state where the u-axis is expanded as the value of the
variable Cg is increased in order of the drawings (graphs).
Note that FIGS. 52A, 52B and 52C show weighting curves
created based on the change rates of the kurtosis of the
normal curve having the value of the variance of: 0j,j,=1.0,
in which the respective weighting curves are the same, and
the respective points (m,, 1), (j,, j,) and (i, 1,) are the same
coordinates on the (x-y)-normalized plane.

The graphs of FIGS. 52A, 52B and 52C correspond to the
weighting curve of: 0j,j,=hm, 1j,j,/0.7, the weighting curve
oft 0j,j,=hm,1j,j,/1.4 and the weighting curve of:
0j,j,=Am, 1j,j»/2.1, which are shown in FIG. 46B, respec-
tively. Specifically, the respective weighting curves shown
in FIG. 46B are the ones obtained by expanding and
contracting the weighting curve with respect to the fixed
length Am, 1j,], on the u-axis. On the contrary, the respective
graphs of FIGS. 52A, 52B and 52C are the ones obtained by
expanding and contracting the length Am, 1j,j, on the u-axis
with respect to one weighting curve. Both of the above
weighting curves and graphs are equivalent to each other.

In FIGS. 52A, 52B and 52C, -Cg=-0.7, -Cg=-1.4 and
-Cg=-2.1 are displayed, respectively. These show that the
lengths Am,1j,j, in the graphs correspond to ranges of:
-0.7=u=0, -1.4=u=0 and -2.1 =u=0, respectively. More-
over, in the graphs, positions u, on the u-axis, which
correspond to the points (i}, i,), are displayed. Here, with
regard to the expansion and contraction of the u-axis shown
in FIGS. 52A, 52B and 52C, each length Ai,i,j,j, between
the point (j,, j,) and the point (i;, i,) is expanded and
contracted in the same ratio as the length Am, 1j,j, between
the point (j;, j,) and the point (m,, 1) is expanded and
contracted. Therefore, a value of a ratio obtained by dividing
the length Ai,1,],], by the length Am, 1j,j, always becomes a
constant value irrespective of the expansion and contraction
of the u-axis. Accordingly, by the following equation 34, the
position u, can be calculated.

[Equation 34] (34)

for i1 =1,2,3,...,my;
ih=1,2,3,..., my;

Aiyiy 1 j2

=-Cgx
o ¢ Amyljja

(1=1,23,....m)
(p=1,23,..., m)

As the second example, FIGS. 53A, 53B and 53C show
a state where the u-axis is expanded as the value of the
variable Cg is increased in order of the drawings (graphs).
Note that FIGS. 53A, 53B and 53C show weighting curves
created based on the cosine functions having the angular
coeflicient value of 1.0, in which the respective weighting
curves are the same, and the respective points (m;, 1), (i, j»)
and (i,, i,) are the same coordinates on the (x-y)-normalized
plane.

The graphs of FIGS. 53A, 53B and 53C correspond to the
weighting curve of cos (0.5mwu/Am,1j,j,), the weighting
curve of cos (0.8mu/Am,1j,j,) and the weighting curve of
cos (1.2mu/hm, 1j,j,), respectively, which are shown in FIG.
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49. Specifically, the respective weighting curves shown in
FIG. 49 are the ones obtained by expanding and contracting
the weighting curve with respect to the fixed length Am, 1j,j,
on the u-axis. On the contrary, the respective graphs of
FIGS. 53A, 53B and 53C are the ones obtained by expand-
ing and contracting the length Am, 1j,j, on the u-axis with
respect to one weighting curve. Both of the above weighting
curves and graphs are equivalent to each other.

In FIGS. 53A, 53B and 53C, -Cg=-0.5%, -Cg=-0.8m and
-Cg=-1.2m are displayed, respectively. These show that the
lengths Am,1j,j, in the graphs correspond to ranges of:
-0.51=u=0, -0.871=u=0 and -1.2n=u=0, respectively.
Moreover, in the graphs, positions u, on the u-axis, which
correspond to the points (i, i,), are displayed. Here, with
regard to the expansion and contraction of the u-axis shown
in FIGS. 53A, 53B and 53C, each length Ai;i,j,j, between
the point (j,, j,) and the point (i,, i,) is expanded and
contracted in the same ratio as the length Am, 1j,j, between
the point (j,, j,) and the point (m,, 1) is expanded and
contracted. Therefore, a value of a ratio obtained by dividing
the length Ai,i,j,j, by the length Am, 1j,j, always becomes a
constant value irrespective of the expansion and contraction
of the u-axis. Accordingly, by the equation 34, the position
u, can be calculated.

As the third example, FIGS. 54A and 54B show a state
where the u-axis is expanded and contracted as the center of
the weighting curve is moved on the (x-y)-normalized plane,
in which the length between the two points on the u-axis in
FIG. 54B is contracted to be a half of that in FIG. 54A. Note
that FIGS. 54A and 54B show weighting curves of an
arbitrary shape, in which the respective weighting curves are
the same, and the values of the respective variables Cg are
the same irrespective of the movement of the center of the
weighting curve.

FIG. 54A shows the length i,1,j,j, and the length Am, 1j,j,
when the center of the weighting curve is moved to the point
of (jy, jo)=((m,; +1)/2, (m,+1)/2), and FIG. 54B shows the
length Ai,i,j,j, and the length Am, 1j,j, when the center of
the weighting curve is moved to the point of (j,, j,)=(1, m,).
Moreover, in the graphs, positions u, on the u-axis, which
correspond to the points (i, i,), are displayed. Accordingly,
by the equation 34, the position u, can be calculated.

As the fourth example, FIGS. 55A and 55B are graphs, in
which the variables Cg in FIGS. 54 A and 54B are substituted
with variables Cg* to expand the ranges of the weighting
curve covering the entire (x-y)-normalized plane more than
those of FIGS. 54A and 54B. Note that, herein, there is a
relationship of: 0<Cg<Cg*, and the values of the respective
variables Cg* of FIGS. 55A and 55B are the same irrespec-
tive of the movement of the center of the weighting curve.
Accordingly, by substituting Cg with Cg* in the equation 34,
the position u, can be calculated.

From the above four examples, the following is under-
stood with regard to the case of expanding and contracting
the u-axis with respect to one weighting curve. Namely, the
value of the variable Cg is previously set so that the range
of: -Cg=u=+Cg of the weighting curve can cover the entire
(x-y)-normalized plane. Subsequently, the length Aiji,j,j,
between the specified element and each element of the
pattern matrix and the maximum value Am,1j,j, of the
length between the specified element and each element are
obtained, and these lengths are substituted into the equation
34 to obtain the position u,. Thus, i, as the element number
of the weighting vector proximate to the above-described
position u, can be calculated. Moreover, according to the
processing method as described above, even if the m,;xm,
pieces of weighting vectors are not previously created with
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regard to the respective cases corresponding to the jij,
elements (j,=1, 2, . . ., m;) (j,=1, 2, . . ., m,), only by
creating one weighting vector, calculation can be made for
the m, xm, pieces of element values hgj,j, of the weighted
standard pattern matrix and the m,xm, pieces of element
values ngj,j, of the weighted input pattern matrix (or the
m, xm, pieces of element values hogj,j, of the original and
weighted standard pattern matrix and the m,;xm, pieces of
element values nogj,j, of the original and weighted input
pattern matrix).

In the above description, two examples are shown as
concrete weighting curves: the weighted curve created based
on the change rate of the kurtosis of the normal curve having
a value of variance: 0j,j,=1.0; and the weighting curve
created based on the cosine function having an angular
coefficient value of 1.0, and among theses, an optimal
weighting curve has been obtained. However, the optimal
weighting curve is related to the density shapes of the entire
registered standard images, and therefore, in the case where
the registered standard images are different from each other,
then the optimal weighting curves will differ from each
other. Accordingly, in general, the case does not always
occur, where there is always an optimal weighting curve
among the weighting curves shown in the two examples.
Therefore, it is necessary to find an optimal weighting curve
among weighting curves of arbitrary shapes.

Accordingly, next, description will be made for a method
for obtaining an optimal weighting curve and an optimal
value of the variable Cg according to the optimal weighting
curve among the weighting curves of arbitrary shape with
reference to FIGS. 56 to 59. Note that FIGS. 56 to 59 show
processing procedures after registering the standard image,
and in FIGS. 56 to 59, the method for expanding and
contracting the u-axis with respect to the one weighting
curve will be used.

FIG. 56 is a flowchart showing a processing procedure for
calculating the optimal weighting curve and the optimal
value of the variable Cg according to the optimal weighting
curve with regard to the case of using the geometric distance
d; as a similarity scale between the respective standard
images. In FIG. 56, in the first Step Scl, a weighting curve
is created based on the change rate of the kurtosis of the
normal curve having a value of variance of 1, and defined as
a first (count=1) weighting curve. In Step Sc2, the first
weighting curve is multiplied by positive values of weight to
create (rated number -1) pieces of weighting curves with
weight, which are then defined as count-th (count=2 to the
rated number) weighting curves. As described above, one
weighting curve shown in FIGS. 52A to 52C can create the
plurality of weighting curves shown in FIG. 46B by expand-
ing and contracting the u-axis. Moreover, another weighting
curve shown in FIGS. 53A to 53C can create the plurality of
weighting curves shown in FIG. 49 by expanding and
contracting the u-axis. Therefore, in Step Sc1 and Step Sc2,
it is sufficient if one representative weighting curve may be
created. In Step Sc3, initial setting is made as: count=1. In
the next Step Sc4 to Step Sc8, the processing enters a loop
for calculating the optimal weighting curve and the optimal
value of the variable Cg according to the optimal weighting
curve by increasing the count one by one to: count=rated
number. Note that, for the rated number, a sufficiently large
value should be used in a range allowed by a processing time
of a computer.

In Step Sc4 in this optimal value calculation loop, for each
circulation of the loop, the weighting vector having the
function value of the count-th weighting curve as an element
is created. Next, in Step Sc5, calculation is made for the ratio
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values R (Cg) of the mean values, which are obtained by
dividing the mean geometric distance values between the
standard images in the same category by the mean geometric
distance values between the standard images in the different
categories while changing the value of the variable Cg.
Here, the calculation procedure for the ratio values R(Cg)
of the mean values in Step Sc5 is constituted of Step Sc5-1
to Step Sc5-6, which are shown in FIG. 57. Note that FIG.
47 and FIG. 50 are graphs showing the ratio values R(Cg)
of the mean values calculated in Step Sc5. Then, in step Sc6,
the minimum value of the ratio value R;(Cg) of the mean
values is defined as minR[count], and the value of the
variable Cg corresponding thereto is defined as minCg
[count]. In FIG. 47, minR Jcount]=0.163, and minCg
[count]=1.65. In FIG. 50, minR ;[count]=0.193, and minCg
[count]=1.07m.

After the processing gets out of the loop, in Step Sc9, a
weighting curve corresponding to the minimum value
among the minimum values minR ;[count| (count=1 to rated
number) is optimized as an optimal weighting curve, and the
minCg[count] corresponding to the optimized weighting
curve is defined as an optimal value of the variable Cg
according to the optimal weighting curve. Note that, in the
case of using the weighting curves shown in FIGS. 52 and
53 on the assumption of: rated number=2, from FIG. 47 and
FIG. 50, the minimum value of the minimum values minR .
[count] becomes 0.163, and the minCg[count]| correspond-
ing thereto becomes 1.65. Specifically, the weighting curve
shown in FIG. 52 is defined as the optimal one, and 1.65 is
defined as the optimal value of the variable Cg.

FIG. 57 is a flowchart showing a processing procedure for
calculating the ratio value R(Cg) of the mean values while
changing the value of the variable Cg. Here, the processing
procedure after creating the weighting vector by the equa-
tion 13 is shown, and Steps Sc5-1 to Sc5-6 are also details
of Step Sc5 in FIG. 56.

In FIG. 57, in the first Step Sc5-1, the range of the value
of the variable Cg is set in: c1=Cg=c2, and an increment of
the variable Cg is set as Ac, and in Step Sc5-2, initial setting
is made as: Cg=c1. In the next Step Sc5-3 to Step Sc5-6, the
processing enters a loop for calculating the ratio value
R;(Cg) of the mean values by increasing Cg by every Ac to:
Cg=c2. Note that, for the increment Ac of the variable Cg,
a sufficiently small value should be used in the range
allowed by the processing time of the computer.

In Step Sc5-3 in this calculation loop for the ratio value
of the mean values, for each circulation of the loop, the
geometric distance values d; between the entire standard
images are calculated by use of the equation 4, the equation
34, the equation 12, the equation 14 and the equation 16 in
accordance with an order of enumeration. Specifically, in the
equation 4, the ones obtained by substituting the standard
pattern matrix and the input pattern matrix with two standard
pattern matrices are created, and by the equation 34, the
position u, on the u-axis and the element number i, of the
weighting vector, which correspond to the point (i, i,), are
calculated. By use of results thereof, in the equation 12 and
the equation 14, the ones obtained by substituting the
weighted standard pattern matrix and the weighted input
pattern matrix into two weighted standard pattern matrices
are created, and by the equation 16, the geometric distance
value dj between the two standard images are calculated.
Then, the equation 4, the equation 34, the equation 12, the
equation 14 and the equation 16 are repeatedly used, and
thus the geometric distance values d; between the entire
standard images are calculated. Next, in Step Sc5-4, the ratio
value Rz(Cg) of the mean values is calculated, which is
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obtained by dividing the mean geometric distance value
between the standard images in the same category by the
mean geometric distance value between the standard images
in the different categories. Specifically, similarly to the
equation 30, the mean geometric distance value obtained by
dividing the sum value of the geometric distances between
the standard images in the same category by the number of
geometric distance values is set as a numerator, and the
mean geometric distance value obtained by dividing the sum
value of the geometric distances between the standard
images in the different categories by the number of geomet-
ric distance values is set as a denominator, and thus the ratio
value R (Cg) of the mean values is calculated, which is
obtained by dividing the numerator by the denominator.

In accordance with the processing procedure as described
above, in the range of: c1=Cg=c2, the ratio value R (Cg)
of'the mean values can be calculated with regard to the value
of the variable Cg for each Ac. Accordingly, in the case of
using the geometric distance dp as the similarity scale
between the standard images, in accordance with the pro-
cessing procedure shown in FIG. 56 and FIG. 57, the
optimal weighting curve and the optimal value of the
variable Cg according to the optimal weighting curve can be
calculated.

Meanwhile, FIG. 58 is a flowchart showing a processing
procedure for calculating the optimal weighting curve and
the optimal value of the variable Cg according to the optimal
weighting curve with regard to the case of using the geo-
metric distance d, as a similarity scale between the respec-
tive standard images. In FIG. 58, in the first Step Sdl, a
weighting curve is created based on the change rate of the
kurtosis of the normal curve having a value of variance of 1,
and defined as a first (count=1) weighting curve. In Step
Sd2, the first weighting curve is multiplied by positive
values of weight to create (rated number -1) pieces of
weighting curves with weight, which are then defined as
count-th (count=2 to the rated number) weighting curves. As
described above, one weighting curve shown in FIG. 52 can
create the plurality of weighting curves shown in FIG. 46B
by expanding and contracting the u-axis. Moreover, another
weighting curve shown in FIG. 53 can create the plurality of
weighting curves shown in FIG. 49 by expanding and
contracting the u-axis. Therefore, in Step Sd1 and Step Sd2,
it is sufficient if one representative weighting curve may be
created. In Step Sd3, initial setting is made as: count=1. In
the next Step Sd4 to Step Sd8, the processing enters a loop
for calculating the optimal weighting curve and the optimal
value of the variable Cg according to the optimal weighting
curve by increasing the count one by one to: count=rated
number. Note that, for the rated number, a sufficiently large
value should be used in a range allowed by a processing time
of a computer.

In Step Sd4 in this optimal value calculation loop, for
each circulation of the loop, the weighting vector having the
function value of the count-th weighting curve as an element
is created. Next, in Step Sd5, calculation is made for the
difference values R (Cg) of the mean values, which are
obtained by subtracting the mean geometric distance values
between the standard images in the different categories from
the mean geometric distance values between the standard
images in the same category while changing the value of the
variable Cg. Here, the calculation procedure for the differ-
ence values R,(Cg) of the mean values in Step Sd5 is
constituted of Step Sd5-1 to Step Sd5-6, which are shown in
FIG. 59. Note that FIG. 48 and FIG. 51 are graphs showing
the difference values R ,(Cg) of the mean values calculated
in Step Sd5. Then, in step Sd6, the maximum value of the
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difference value R ,(Cg) of the mean values is defined as
maxR [count], and the value of the variable Cg correspond-
ing thereto is defined as maxCg[count]. In FIG. 48, maxR ,
[count]=0.389, and maxCg[count]=1.28. In FIG. 51, maxR ,
[count]=0.387, and maxCg[count]=0.90s.

After the processing gets out of the loop, in Step Sd9, a
weighting curve corresponding to the maximum value
among the maximum values maxR ,[count] (count=1 to
rated number) is optimized as an optimal weighting curve,
and the maxCg[count] corresponding to the optimized
weighting curve is defined as an optimal value of the
variable Cg according to the optimal weighting curve. Note
that, in the case of using the weighting curves shown in
FIGS. 52 and 53 on the assumption of: rated number =2,
from FIG. 48 and FIG. 51, the maximum value of the
maximum values maxR ,[count] becomes 0.389, and the
maxCg|count] corresponding thereto becomes 1.28. Specifi-
cally, the weighting curve shown in FIG. 52 is defined as the
optimal one, and 1.28 is defined as the optimal value of the
variable Cg.

FIG. 59 is a flowchart showing a processing procedure for
calculating the difference value R ,(Cg) of the mean values
while changing the value of the variable Cg. Here, the
processing procedure after creating the weighting vector by
the equation 13 is shown, and Steps Sd5-1 to Sd5-6 are also
details of Step Sd5 in FIG. 58.

In FIG. 59, in the first Step Sd5-1, the range of the value
of the variable Cg is set in: c1=Cg=c2, and an increment of
the variable Cg is set as Ac, and in Step Sd5-2, initial setting
is made as: Cg=cl. In the next Step Sd5-3 to Step Sd5-6, the
processing enters a loop for calculating the difference value
R (Cg) of the mean values by increasing Cg by every Ac to:
Cg=c2. Note that, for the increment Ac of the variable Cg,
a sufficiently small value should be used in the range
allowed by the processing time of the computer.

In Step Sd5-3 in this calculation loop for the difference
value of the mean values, for each circulation of the loop, the
geometric distance values d, between the entire standard
images are calculated by use of the equation 1, the equation
34, the equation 18, the equation 19 and the equation 24 in
accordance with an order of enumeration. Specifically, in the
equation 1, the ones obtained by substituting the original
standard pattern matrix and the original input pattern matrix
with two original standard pattern matrices are created, and
by the equation 34, the position u, on the u-axis and the
element number i, of the weighting vector, which corre-
spond to the point (i;, i,), are calculated. By use of results
thereof, in the equation 18 and the equation 19, the ones
obtained by substituting the original and weighted standard
pattern matrix and the original and weighted input pattern
matrix with two original and weighted standard pattern
matrices are created, and by the equation 24, the geometric
distance value d, between the two standard images are
calculated. Then, the equation 1, the equation 34, the equa-
tion 18, the equation 19 and the equation 24 are repeatedly
used, and thus the geometric distance values d , between the
entire standard images are calculated. Next, in Step Sd5-4,
the difference value R ,(Cg) of the mean values is calculated,
which is obtained by subtracting the mean geometric dis-
tance value between the standard images in the different
categories from the mean geometric distance value between
the standard images in the same category. Specifically,
similarly to the equation 31, the mean geometric distance
value obtained by dividing the sum value of the geometric
distances between the standard images in the same category
by the number of geometric distance values is set as a first
term, and the mean geometric distance value obtained by
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dividing the sum value of the geometric distances between
the standard images in the different categories by the number
of' geometric distance values is set as a second term, and thus
the difference value R ,(Cg) of the mean values is calculated,
which is obtained by subtracting the second term from the
first term.

In accordance with the processing procedure as described
above, in the range of: c1=Cg=c2, the difference value
R, (Cg) of the mean values can be calculated with regard to
the value of the variable Cg for each Ac. Accordingly, in the
case of using the geometric distance d, as the similarity
scale between the standard images, in accordance with the
processing procedure shown in FIG. 58 and FIG. 59, the
optimal weighting curve and the optimal value of the
variable Cg according to the optimal weighting curve can be
calculated.

Generally expressing the above-described matter, the
obtainment of the optimal weighting curve and the optimal
value of the variable Cg results in solving a question of
optimization for obtaining values of (m_+1) pieces of vari-
ables minimizing or maximizing an objective function when
the ratio value R;(Cg) of the mean values or the difference
value R ,(Cg) of the mean values is defined as the objective
function, and the element values gj,j,i, (i,=1,2, ..., m,) of
the weighting vector and the value of the variable Cg are
defined as the (m_+1) pieces of variables. With regard to the
question of optimization, in the field of the numerical
calculation method, numerical solutions such as the method
of steepest descent and the Newton’s method are proposed.
These numerical solutions change the values of the variables
in a direction where the objective function is rapidly
decreased or increased, thus calculate the optimal value of
the variable by small number of calculation times. Also in
the present invention, by use of these numerical solutions, it
is made possible to calculate the optimal weighting curve
and the optimal value of the variable Cg efficiently. Accord-
ingly, instead of previously creating the weighting curve
with weight in Step Sc2 in FIG. 56 or in Step Sd2 in FIG.
58, alteration may be made so as to create the weighting
curve with weight for each circulation of the loop in Step
Sc4 in FIG. 56 or in Step Sd4 in FIG. 58, where the
above-described numerical solutions may be utilized. Spe-
cifically, the count-th weighting curve with weight and the
count-th value of the variable Cg may be changed in the
direction where the ratio value R;(Cg) of the mean values or
the difference value R ,(Cg) of the mean values is rapidly
decreased or increased to obtain the (count+1)-th weighting
curve with weight and the (count+1)-th value of the variable
Cg.

Moreover, for generally considering the above-described
matter, next, description will be made for a relationship
between the conventional Euclid distance and the geometric
distance dj according to the present invention. In this
embodiment, consideration is limitedly made for the case
where, when the weighting curve is changed in the direction
perpendicular to the u-axis, the functional value of the
changed weighting curve becomes positive when u=0, and
the changed weighting curve intersects the u-axis on two
points and becomes symmetric with respect to u=0 similarly
to the curve shown in FIG. 46B. Here, consideration will be
made for the case where the weighting curve particularly
becomes the Dirac’s delta function as a result of loosening
the above-described limitation and changing the weighting
curve into the direction perpendicular to the u-axis in the
geometric distance d. Specifically, in the weighting vector,
in the case where gj,j,1,=1 when i,=(m_+1)/2 and gj,j,i,=0
when i,=(m,+1)/2, the equation 12 is established as:
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hgj,jo=hj,j, and ngj,jo=nj,j, G,=1, 2, . . ., my) (=L,
2, ...,m,). Inthis case, the weighted standard pattern matrix

and the weighted input pattern matrix become equal to the
standard pattern matrix and the input pattern matrix, respec-
tively. Therefore, in the above particular case, the geometric
distance d shown in the equation 16 becomes equal to the
conventional Euclid distance. Specifically, the geometric
distance dj is placed as the one in which the conventional
Euclid distance is expanded and generalized.

Meanwhile, description will be made for a relationship
between the conventional cosine of the angle and the geo-
metric distance d ; according to the present invention. In this
embodiment, consideration is limitedly made for the case
where, when the weighting curve is changed in the direction
perpendicular to the u-axis, the functional value of the
changed weighting curve becomes positive when u=0, and
the changed weighting curve intersects the u-axis on two
points and becomes symmetric with respect to u=0 similarly
to the curve shown in FIG. 46B. Here, consideration will be
made for the case where the weighting curve particularly
becomes the Dirac’s delta function as a result of loosening
the above-described limitation and changing the weighting
curve into the direction perpendicular to the u-axis in the
geometric distance d,. Specifically, in the weighting vector,
in the case where gj,j,i,=1 when i, =(m_+1)/2 and gj,j,i,=0
when i,=(m,+1)/2, the equation 18 is established as:
hogj,j>=hoj,j, and nogj,j>=noj,j, (G,=1. 2, . . ., my) (=1,
2,...,m,). In this case, the original and weighted standard
pattern matrix and the original and weighted input pattern
matrix become equal to the original standard pattern matrix
and the original input pattern matrix, respectively. There-
fore, in the above particular case, the geometric distance d
shown in the equation 24 becomes equal to the conventional
cosine of the angle. Specifically, the geometric distance d,
is placed as the one in which the conventional cosine of the
angle is expanded and generalized.

Moreover, consideration will be made for the above-
described matter in comparison with the prior art. In the
calculation processing of the geometric distance dg, the
weighted standard pattern matrix is created by the product-
sum operation of the element value of the weighting vector
and the element value of the standard patter matrix. Inde-
pendently thereof, the weighted input pattern matrix is
created by the product-sum operation of the element value of
the same weighting vector and the element value of the input
pattern matrix. Then, by use of the weighted standard pattern
matrix and the weighted input pattern matrix, the conven-
tional calculation for the Euclid distance is carried out. Here,
in another expression of this calculation processing, the
standard pattern matrix undergoes digital filter processing by
means of the weighting vector to create the weighed stan-
dard pattern matrix. Independently thereof, the input pattern
matrix undergoes digital filter processing by means of the
same weighting vector to create the weighted input pattern
matrix. Then, by use of the weighed standard pattern matrix
and the weighted input pattern matrix, the conventional
calculation for the Euclid distance is carried out. Accord-
ingly, the calculation processing of the geometric distance
dj can be formally expressed as a combination of the digital
filter processing and the Euclid distance. However, while the
conventional digital filter and Euclid distance are conceived
as single and individual each, in the calculation processing
of the geometric distance dg, as shown in FIG. 56, the
weighting vector is created so that the ratio value R(Cg) of
the mean values can be minimum. Namely, the calculation
processing of the geometric distance d; can be said to be
substantially a processing method different from the prior art
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in which the digital filter processing and the Euclid distance
are closely related to each other even if the calculation
processing is formally the combination of both of them.

Meanwhile, in the calculation processing of the geometric
distance d,, the original and weighted standard pattern
matrix is created by the product-sum operation of the
element value of the weighting vector and the element value
of' the original standard patter matrix. Independently thereof,
the original and weighted input pattern matrix is created by
the product-sum operation of the element value of the same
weighting vector and the element value of the original input
pattern matrix. Then, by use of the original and weighted
standard pattern matrix and the original and weighted input
pattern matrix, the conventional calculation for the cosine of
the angle is carried out. Here, in another expression of this
calculation processing, the original standard pattern matrix
undergoes digital filter processing by means of the weight-
ing vector to create the original and weighed standard
pattern matrix. Independently thereof, the original input
pattern matrix undergoes digital filter processing by means
of the same weighting vector to create the original and
weighted input pattern matrix. Then, by use of the original
and weighed standard pattern matrix and the original and
weighted input pattern matrix, the conventional calculation
for the cosine of the angle is carried out. Accordingly, the
calculation processing of the geometric distance d, can be
formally expressed as a combination of the digital filter
processing and the cosine of the angle. However, while the
conventional digital filter and cosine of the angle are con-
ceived as single and individual each, in the calculation
processing of the geometric distance d, as shown in FIG.
58, the weighting vector is created so that the difference
value R (Cg) of the mean values can be maximum. Spe-
cifically, the calculation processing of the geometric dis-
tance d, can be said to be substantially a processing method
different from the prior art in which the digital filter pro-
cessing and the cosine of the angle are closely related to each
other even if the calculation processing is formally the
combination of both of them.

The above description for the second subject of the
present invention will be summarized as below. In the case
of using the geometric distance d as the similarity scale
between the respective standard images, while changing the
weighting curve in the direction perpendicular to the u-axis
and the direction parallel to the u-axis, the ratio value of the
mean values is obtained by dividing the mean geometric
distance value between the standard images in the same
category by the mean geometric distance value between the
standard images in the different categories, and thus the
weighting curve minimizing the ratio value of the mean
values is calculated. Then, the function value of the above-
described weighting curve is defined as a weighting factor,
and the weighting vector having the value of the above-
described weighting factor as an element is created to
calculate the geometric distance value. Thus, the distance
between the standard images in the same category can be
shortened, and simultaneously the distance between the
standard images in the different categories can be elongated.
As a result thereof, the separation of the standard image in
the same category and the standard image in the different
category is improved, and thus the recognition performance
when an input image is given is improved.

Meanwhile, in the case of using the geometric distance d
as the similarity scale between the respective standard
images, while changing the weighting curve in the direction
perpendicular to the u-axis and the direction parallel to the
u-axis, the difference value of the mean values is obtained by
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subtracting the mean geometric distance value between the
standard images in the different categories from the mean
geometric distance value between the standard images in the
same category, and thus the weighting curve maximizing the
difference value of the mean values is calculated. Then, the
function value of the above-described weighting curve is
defined as a weighting factor, and the weighting vector
having the value of the above-described weighting factor as
an element is created to calculate the geometric distance
value. Thus, the distance between the standard images in the
same category can be shortened, and simultaneously the
distance between the standard images in the different cat-
egories can be elongated. As a result thereof, the separation
of the standard image in the same category and the standard
image in the different category is improved, and thus the
recognition performance when an input image is given is
improved.

In summary, when the original standard pattern matrix
having the feature quantity of the standard image as an
element and the original input pattern matrix having the
feature quantity of the input image as an element are created,
in the case where the method for normalizing the density
pattern of the image is previously instructed, the density
pattern of the image is normalized by the instructed method
to create the standard pattern matrix and the input pattern
matrix. Moreover, the weighting vector having the value of
the change rate of the kurtosis of the reference pattern vector
as an element is created. Then, the weighted standard pattern
matrix is created by the product-sum operation of the
element value of the weighting vector and the element value
of the standard pattern matrix. And independently of this
creation, the weighted input pattern matrix is created by the
product-sum operation of the element value of the same
weighting vector and the element value of the input pattern
matrix. Next, the conventional calculation for the Euclid
distance is carried out by use of these weighted standard
pattern matrix and weighted input pattern matrix, and thus
the geometric distance value between the standard pattern
matrix and the input pattern matrix is calculated.

Furthermore, instead of the above-described weighting
vector, the ratio value of the mean values, which is obtained
by dividing the mean geometric distance value between the
standard images in the same category by the mean geometric
distance value between the standard images in the different
categories, is obtained, and the weighting vector having the
value of the weighting factor minimizing the above ratio
value of the mean values as an element is created. By use of
this weighting vector, the geometric distance value between
the standard pattern matrix and the input pattern matrix can
be calculated.

The geometric distance value thus obtained is compared
with an arbitrarily set allowed value. When the geometric
distance value is larger than the allowed value, the input
image is judged not to be the standard image. When the
geometric distance value is equal to/smaller than the allowed
value, the input image is judged to be the standard image.

Meanwhile, when the original standard pattern matrix
having the feature quantity of the standard image as an
element and the original input pattern matrix having the
feature quantity of the input image as an element are created,
in the case where the method for normalizing the density
pattern of the image is not previously instructed, the density
pattern of the image is not normalized, and the original
standard pattern matrix and the original input pattern matrix
are used as they are. Moreover, the weighting vector having
the value of the change rate of the kurtosis of the reference
pattern vector as an element is created. Then, the original
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and weighted standard pattern matrix is created by the
product-sum operation of the element value of the weighting
vector and the element value of the original standard pattern
matrix. And independently of this creation, the original and
weighted input pattern matrix is created by the product-sum
operation of the element value of the same weighting vector
and the element value of the original input pattern matrix.
Next, the conventional calculation for the cosine of the angle
is carried out by use of these original and weighted standard
pattern matrix and original and weighted input pattern
matrix, and thus the geometric distance value between the
original standard pattern matrix and the original input pat-
tern matrix is calculated.

Furthermore, instead of the above-described weighting
vector, the difference value of the mean values is obtained by
subtracting the mean geometric distance value between the
standard images in the different categories from the mean
geometric distance value between the standard images in the
same category, and the weighting vector having the value of
the weighting factor maximizing the above difference value
of the mean values as an element is created. By use of this
weighting vector, the geometric distance value between the
original standard pattern matrix and the original input pat-
tern matrix can be calculated.

The geometric distance value thus obtained is compared
with an arbitrarily set allowed value. When the geometric
distance value is smaller than the allowed value, the input
image is judged not to be the standard image. When the
geometric distance value is equal to/larger than the allowed
value, the input image is judged to be the standard image.

Embodiment (II): Method for Recognizing Voice
(Two-Dimension)

Description will be made for the method for recognizing
a voice by use of a detected value of a similarity between
two pattern matrices (or original pattern matrices). In this
embodiment, for voice recognition, each of power spectrum
pattern (voiceprint) of the voices is normalized by the entire
energy of the power spectrum or the maximum value of the
power spectrum, and thus a standard pattern matrix and an
input pattern matrix are created. Moreover, a weighting
vector having a value of a change rate in kurtosis of a
reference pattern vector as an element is created. Then, an
element value of the weighting vector and an element value
of'the standard pattern matrix are subjected to a product-sum
operation, and thus a weighted standard pattern matrix is
created. Independently thereof, the element value of the
same weighting vector and an element value of the input
pattern matrix are subjected to the product-sum operation,
and thus a weighted input pattern matrix is created. Subse-
quently, a conventional calculation for the Euclid distance is
carried out by use of these weighted standard pattern matrix
and weighted input pattern matrix, and thus the similarity of
the voices is detected.

Meanwhile, an original standard pattern matrix and an
original input pattern matrix are created without normalizing
the power spectrum pattern of the voice. Then, the element
value of the weighting vector and an element value of the
original standard pattern matrix are subjected to the product-
sum operation, and thus an original and weighted standard
pattern matrix is created. Independently thereof, the element
value of the same weighting vector and an element value of
the original input pattern matrix are subjected to the product-
sum operation, and thus an original and weighted input
pattern matrix is created. Subsequently, a conventional cal-
culation for the cosine of the angle is carried out by use of
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these original and weighted standard pattern matrix and
original and weighted input pattern matrix, and thus the
similarity of the voices is detected.

Furthermore, the element value of the weighting vector is
adjusted so that a distance between standard pattern matrices
(or between original standard pattern matrices) in the same
category can be shortened, and that a distance between
standard pattern matrices (or between original standard
pattern matrices) in different categories can be elongated
simultaneously. Then, the similarity of the voices is detected
by use of the weighting vector having been adjusted, and by
use of a detected value thereof, the voice is recognized.

The related art (Japanese Patent Application No. 2000-
277749) shows a method for calculating a power spectrum
Piji, (i,=1,2,...,m) (i,=1, 2, . . ., m,) at i,-th time in an
i,-th frequency band by the following equation 35 in order
to extract a feature of a time change of a frequency distri-
bution of the voice.

[Equation 35] (35)
tip+T

Piiiy = ) {0
t=tly

(1 =1,2,3,...,mp)

(i =1,2,3,...,my)

In this connection, next, an original standard pattern
matrix Ho having a power spectrum Pii, (i,=1,2,...,m,)
(1,=1, 2, ..., m,) of a standard voice as an element and an
original input pattern matrix No having a power spectrum
Pii, (i,=1,2,...,m;) (=1, 2, ..., m,) of an input voice
as an element are created. These original standard pattern
matrix Ho and original input pattern matrix No are previ-
ously expressed as in the equation 1. Note that the equation
1 expresses the shapes of the power spectra of the standard
voice and the input voice by the m,xm, pieces of element
values of the original pattern matrix.

Incidentally, in the voice recognition, since voices having
a power spectrum pattern (voiceprint) varied for each utter-
ing appear even in the same voice, a method is usually
adopted, in which a large number of human beings utter the
same voices repeatedly, and a plurality of standard voices
are registered for each voice. In this embodiment, the same
voices registered as described above are defined as standard
voices in the same category, and voices different from these
are defined as standard voices in a different category.

Then, the similarity detection procedure for the images,
which is described above, is applied to the original standard
pattern matrix Ho and the original input pattern matrix No
for the voice, which are created in the above, and thus the
voice recognition is carried out.

Concretely, when the original standard pattern matrix
having the feature quantity of the standard voice as an
element and the original input pattern matrix having the
feature quantity of the input voice as an element are created,
in the case where the method for normalizing the power
spectrum pattern of the voice is previously instructed, the
power spectrum pattern of the voice is normalized by the
instructed method to create the standard pattern matrix and
the input pattern matrix. Moreover, the weighting vector
having the value of the change rate of the kurtosis of the
reference pattern vector as an element is created. Then, the
weighted standard pattern matrix is created by the product-
sum operation of the element value of the weighting vector
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and the element value of the standard pattern matrix. And
independently thereof, the weighted input pattern matrix is
created by the product-sum operation of the element value of
the same weighting vector and the element value of the input
pattern matrix. Next, the conventional calculation for the
Euclid distance is carried out by use of these weighted
standard pattern matrix and weighted input pattern matrix,
and thus the geometric distance value between the standard
pattern matrix and the input pattern matrix is calculated.

Furthermore, instead of the above-described weighting
vector, the ratio value of the mean values is obtained by
dividing the mean geometric distance value between the
standard voices in the same category by the mean geometric
distance value between the standard voices in the different
categories, and the weighting vector having the value of the
weighting factor minimizing the above ratio value of the
mean values as an element is created. By use of this
weighting vector, the geometric distance value between the
standard pattern matrix and the input pattern matrix can be
calculated.

The geometric distance value thus obtained is compared
with an arbitrarily set allowed value. When the geometric
distance value is larger than the allowed value, the input
voice is judged not to be the standard voice. When the
geometric distance value is equal to/smaller than the allowed
value, the input voice is judged to be the standard voice.

Meanwhile, when the original standard pattern matrix
having the feature quantity of the standard voice as an
element and the original input pattern matrix having the
feature quantity of the input voice as an element are created,
in the case where the method for normalizing the power
spectrum pattern of the voice is not previously instructed,
the power spectrum pattern of the voice is not normalized,
and the original standard pattern matrix and the original
input pattern matrix are used as they are. Moreover, the
weighting vector having the value of the change rate of the
kurtosis of the reference pattern vector as an element is
created. Then, the original and weighted standard pattern
matrix is created by the product-sum operation of the
element value of the weighting vector and the element value
of'the original standard pattern matrix. And independently of
this creation, the original and weighted input pattern matrix
is created by the product-sum operation of the element value
of the same weighting vector and the element value of the
original input pattern matrix. Next, the conventional calcu-
lation for the cosine of the angle is carried out by use of these
original and weighted standard pattern matrix and original
and weighted input pattern matrix, and thus the geometric
distance value between the original standard pattern matrix
and the original input pattern matrix is calculated.

Furthermore, instead of the above-described weighting
vector, the difference value of the mean values is obtained by
subtracting the mean geometric distance value between the
standard voices in the different categories from the mean
geometric distance value between the standard voices in the
same category, and the weighting vector having the value of
the weighting factor maximizing the above difference value
of the mean values as an element is created. By use of this
weighting vector, the geometric distance value between the
original standard pattern matrix and the original input pat-
tern matrix can be calculated.

The geometric distance value thus obtained is compared
with an arbitrarily set allowed value. When the geometric
distance value is smaller than the allowed value, the input
voice is judged not to be the standard voice. When the
geometric distance value is equal to/larger than the allowed
value, the input voice is judged to be the standard voice.
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Embodiment (I1T): Method for Judging Abnormality
in Machine (Two-Dimension)

Next, description will be made for the method for judging
an abnormality in a machine by use of a detected value of a
similarity between two pattern matrices (or original pattern
matrices). In this embodiment, in order to judge an abnor-
mality in a machine, each of power spectrum patterns of
oscillation waves is normalized by the entire energy of the
power spectrum or the maximum value of the power spec-
trum, and thus a standard pattern matrix and an input pattern
matrix are created. Moreover, a weighting vector having a
value of a change rate in kurtosis of a reference pattern
vector as an element is created. Then, an element value of
the weighting vector and an element value of the standard
pattern matrix are subjected to a product-sum operation, and
thus a weighted standard pattern matrix is created. Indepen-
dently thereof, the element value of the same weighting
vector and an element value of the input pattern matrix are
subjected to the product-sum operation, and thus a weighted
input pattern matrix is created. Subsequently, a conventional
calculation for the Euclid distance is carried out by use of
these weighted standard pattern matrix and weighted input
pattern matrix, and thus the similarity of the oscillation
waves is detected.

Meanwhile, an original standard pattern matrix and an
original input pattern matrix are created without normalizing
the power spectrum pattern of the oscillation wave. Then,
the element value of the weighting vector and an element
value of the original standard pattern matrix are subjected to
the product-sum operation, and thus an original and
weighted standard pattern matrix is created. Independently
thereof, the element value of the same weighting vector and
an element value of the original input pattern matrix are
subjected to the product-sum operation, and thus an original
and weighted input pattern matrix is created. Subsequently,
a conventional calculation for the cosine of the angle is
carried out by use of these original and weighted standard
pattern matrix and original and weighted input pattern
matrix, and thus the similarity of the oscillation waves is
detected.

Furthermore, the element value of the weighting vector is
adjusted so that a distance between standard pattern matrices
(or between original standard pattern matrices) in the same
category can be shortened, and that a distance between
standard pattern matrices (or between original standard
pattern matrices) in different categories can be elongated
simultaneously. Then, the similarity of the oscillation waves
is detected by use of the weighting vector having been
adjusted, and by use of a detected value thereof, the abnor-
mality in a machine is judged.

The related art (Japanese Patent Application No. 2000-
277749) shows a method for calculating a power spectrum
Piji, (1,=1,2,...,my) (1,=1,2,...,m,) at i,-th time in an
i,-th frequency band by the equation 35 in order to extract
a feature of a time change of a frequency distribution of the
oscillation wave.

In this connection, next, an original standard pattern
matrix Ho having a power spectrum Pii, (i,=1,2,...,m,)
(1,=1, 2, . . ., m,) of a standard oscillation wave as an
element and an original input pattern matrix No having a
power spectrum Piyi, (i,=1,2,...,m;) (i,=1,2, ..., m,)
of an input oscillation wave as an element are created. These
original standard pattern matrix Ho and original input pat-
tern matrix No are previously expressed as in the equation
1. Note that the equation 1 is read to express the shapes of
the power spectra of the standard oscillation wave and the
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input oscillation wave by the m,xm, pieces of element
values of the original pattern matrix.

Incidentally, in the abnormality judgment in a machine,
the oscillation waves different for each operation mode are
measured even in the same machine, and the oscillation
waves having a power spectrum pattern varied for each
measurement appear even in the same operation mode.
Therefore, a method is usually adopted, in which the oscil-
lation waves in the same operation mode are measured
repeatedly, and a plurality of standard oscillation waves are
registered for each operation mode. In this embodiment, the
oscillation waves in the same operation mode, which are
registered as described above, are defined as standard oscil-
lation waves in the same category, and oscillation waves in
an operation mode different from the above are defined as
standard oscillation waves in a different category.

Then, the similarity detection procedure for the images,
which is described above, is applied to the original standard
pattern matrix Ho and the original input pattern matrix No
for the oscillation wave, which are created in the above, and
thus the abnormality judgment in a machine is carried out.

Concretely, when the original standard pattern matrix
having the feature quantity of the standard oscillation wave
as an element and the original input pattern matrix having
the feature quantity of the input oscillation wave as an
element are created, in the case where the method for
normalizing the power spectrum pattern of the oscillation
wave is previously instructed, the power spectrum patterns
of the oscillation wave are normalized by the instructed
method to create the standard pattern matrix and the input
pattern matrix. Moreover, the weighting vector having the
value of the change rate of the kurtosis of the reference
pattern vector as an element is created. Then, the weighted
standard pattern matrix is created by the product-sum opera-
tion of the element value of the weighting vector and the
element value of the standard pattern matrix. And indepen-
dently of this creation, the weighted input pattern matrix is
created by the product-sum operation of the element value of
the same weighting vector and the element value of the input
pattern matrix. Next, the conventional calculation for the
Euclid distance is carried out by use of these weighted
standard pattern matrix and weighted input pattern matrix,
and thus the geometric distance value between the standard
pattern matrix and the input pattern matrix is calculated.

Furthermore, instead of the above-described weighting
vector, the ratio value of the mean values, which is obtained
by dividing the mean geometric distance value between the
standard oscillation waves in the same category by the mean
geometric distance value between the standard oscillation
waves in the different categories, is obtained, and the
weighting vector having the value of the weighting factor
minimizing the above ratio value of the mean values as an
element is created. By use of this weighting vector, the
geometric distance value between the standard pattern
matrix and the input pattern matrix can be calculated.

The geometric distance value thus obtained is compared
with an arbitrarily set allowed value. When the geometric
distance value is larger than the allowed value, the machine
is judged to be abnormal. When the geometric distance value
is equal to/smaller than the allowed value, the machine is
judged to be normal.

Meanwhile, when the original standard pattern matrix
having the feature quantity of the standard oscillation wave
as an element and the original input pattern matrix having
the feature quantity of the input oscillation wave as an
element are created, in the case where the method for
normalizing the power spectrum pattern of the oscillation
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wave is not previously instructed, the power spectrum
pattern of the oscillation wave is not normalized, and the
original standard pattern matrix and the original input pat-
tern matrix are used as they are. Moreover, the weighting
vector having the value of the change rate of the kurtosis of
the reference pattern vector as an element is created. Then,
the original and weighted standard pattern matrix is created
by the product-sum operation of the element value of the
weighting vector and the element value of the original
standard pattern matrix. And independently thereof, the
original and weighted input pattern matrix is created by the
product-sum operation of the element value of the same
weighting vector and the element value of the original input
pattern matrix. Next, the conventional calculation for the
cosine of the angle is carried out by use of these original and
weighted standard pattern matrix and original and weighted
input pattern matrix, and thus the geometric distance value
between the original standard pattern matrix and the original
input pattern matrix is calculated.

Furthermore, instead of the above-described weighting
vector, the difference value of the mean values, which is
obtained by subtracting the mean geometric distance value
between the standard oscillation waves in the different
categories from the mean geometric distance value between
the standard oscillation waves in the same category, is
obtained, and the weighting vector having the value of the
weighting factor maximizing the above difference value of
the mean values as an element is created. By use of this
weighting vector, the geometric distance value between the
original standard pattern matrix and the original input pat-
tern matrix can be calculated.

The geometric distance value thus obtained is compared
with an arbitrarily set allowed value. When the geometric
distance value is smaller than the allowed value, the machine
is judged to be abnormal. When the geometric distance value
is equal to/larger than the allowed value, the machine is
judged to be normal.

Embodiment (IV): Method for Recognizing Moving
Image (Three-Dimension)

Description will be made for the method for recognizing
a moving image by use of a detected value of a similarity
between two pattern matrix layers (or original pattern matrix
layers). In this embodiment, in order to recognize a moving
image, a density pattern of the moving image is normalized
by the sum of densities of the entire pixels or the maximum
value of the densities of the entire pixels, and thus a standard
pattern matrix layer and an input pattern matrix layer are
created. Moreover, a weighting vector having a value of a
change rate in kurtosis of a reference pattern vector as an
element is created. Then, an element value of the weighting
vector and an element value of the standard pattern matrix
layer are subjected to a product-sum operation, and thus a
weighted standard pattern matrix layer is created. Indepen-
dently thereof, the element value of the same weighting
vector and an element value of the input pattern matrix layer
are subjected to the product-sum operation, and thus a
weighted input pattern matrix layer is created. Subsequently,
a conventional calculation for the Euclid distance is carried
out by use of these weighted standard pattern matrix layer
and weighted input pattern matrix layer, and thus the simi-
larity of the moving images is detected.

Meanwhile, an original standard pattern matrix layer and
an original input pattern matrix layer are created without
normalizing the density pattern of the moving image. Then,
the element value of the above-described weighting vector
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and an element value of the original standard pattern matrix
layer are subjected to the product-sum operation, and thus an
original and weighted standard pattern matrix layer is cre-
ated. Independently thereof, the element value of the weight-
ing vector and an element value of the original input pattern
matrix layer are subjected to the product-sum operation, and
thus an original and weighted input pattern matrix layer is
created. Subsequently, a conventional calculation for a
cosine of an angle is carried out by use of these original and
weighted standard pattern matrix layer and original and
weighted input pattern matrix layer, and thus the similarity
of moving the images is detected.

Furthermore, the element value of the above-described
weighting vector is adjusted so that a distance between
standard pattern matrix layers (or between original standard
pattern matrix layers) in the same category can be shortened,
and that a distance between standard pattern matrix layers
(or between original standard pattern matrix layers) in
different categories can be elongated simultaneously. Then,
the similarity of the moving images is detected by use of the
weighting vector having been adjusted, and by use of a
detected value thereof, the moving image is recognized.

Here, the above-described method for detecting a simi-
larity between a standard pattern matrix and an input pattern
matrix (or between an original standard pattern matrix and
an original input pattern matrix) with regard to an image, a
voice, and an oscillation wave and the like is extended to the
method for detecting a similarity between a standard pattern
matrix layer and an input pattern matrix layer (or between an
original standard pattern matrix layer and an original input
pattern matrix layer).

FIG. 60 is an example of a moving image where a motion
of a pen writing an alphabet “E” is photographed as time
passes. As shown in FIG. 60, the moving image is consti-
tuted of m; pieces of images photographed as time passes.
Each image is constituted of m,xm, pieces of pixels
obtained by partitioning the image into m, pieces in an
x-direction and m, pieces in a y-direction. Here, a density of
a moving image in a pixel that is i, -th in the x-direction, i,-th
in the y-direction and at i;-th time is defined as Pii,i;.

Next, an original standard pattern matrix layer Ho having
a density Piji,i; (1,=1,2,...,m;) (i,=1,2, ..., m,) (i;=1,
2, ..., m;) of a standard moving image as an element and
an original input pattern matrix layer No having a density
Piii; (i,=1,2,...,m) (=12, ..., m) (7L, 2, ...,
m,) of an input moving image as an element are created.
These original standard pattern matrix layer Ho and original
input pattern matrix layer No are expressed as in the
following equations 36 and 37 instead of the equation 1.
Note that the equations 36 and 37 express the shapes of the
densities of the standard moving image and the input mov-
ing image by the m;xm,xm; pieces of element values of the
original pattern matrix layer, respectively.

[Equation 36] (36)
hollms holims holmams
ho2 Ims ho2iyms ho2myms
Ho =
hoiy lms hoiyiyms hoiymams
homylms -+ homyiiyms -+ homimoms




holli
ho21is

hoiy lis

hom1 1 i3

holll
ho2l11

hoiy 11

homy11 .-

[Equation 37]

No =

nollms

no2lms

noiy lms

nomylms

nolli

no2li;

noiy lis

nomyliz

-continued
holiyis holmyis
ho2iyis ho2myis
hoiy izis hoiymyis
. hom1 iz i3 . hom1m2 i3
holipl holmyl
ho2iy1 ho2my1
hoiyirl hoiym,1
homy izl - homym,1
noliyms nolmyms
no2ims no2moms
noiyiyms noiymoms
- nomyhms -+ HOMyMyM3
noliis nolmyis
no2iyis no2myis
noiy i noiymyis
- nomyiiz - oMMy
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-continued
nolll - nolil -+ nolml
no2ll -+ no2il -+ noZ2myl
noiy1l -+ nmoijipl -+ Rnoipmyl
nom 1l --- nomyial -+ nomympl

Moreover, FIG. 61 shows the original standard pattern
matrix layer Ho on an (x-y-time) space, and similarly, FI1G.
62 shows the original input pattern matrix layer No on an
(x-y-time) space.

In the related art (Japanese Patent Application No. 2000-
277749), as processing, the density Pi i,i; (1,=1,2,...,m,)
(,=1,2,...,m,) (i,=1, 2, . . . , m;) of the moving image
is normalized by the sum of the densities of the entire pixels.
Specifically, the normalized density pi,i,i, of the moving
image in the pixel that is the i, -th in the x-direction, the i,-th
in the Y-direction and at the i;-th time is calculated by the
following equation 38 instead of the equation 2.

[Equation 38] (38)

Piyiis
mpmp o omg
22 3 Py
j1=1 2=l 3=l
(1 =1,2,3,...,mp)
(2=1,2,3,....,mp)

(i3=1,2,3,...,m3)

piyizis =

Moreover, in the case of a binary moving image, the
density Pi,ii; (i,=1, 2, ..., m,) (i,=1, 2, .. ., m,) (i5=1,
2, ..., m;) of the moving image is normalized by the
maximum value of the densities of the entire pixels. Spe-
cifically, the normalized density pi,i,i; of the moving image
in the pixel that is the i,-th in the x-direction, the i,-th in the
y-direction and at the i;-th time can be calculated by the
following equation 39 instead of the equation 3. Note that a
symbol max{Pj,j.j;} in the equation 39 implies a maximum

value of the density Pj, 5 (G,=1, 2, . . ., m;) (=1,
2,...,m,) (js=1, 2, . . ., m;) of the moving image.
[Equation 39] (39
P
ce i1izi3
pask = max{Pj jy i3t

(i =1,2,3,....,myp)
(i =1,2,3,....,mp)
(i3=1,2,3,...,m3)
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Here, the shape of the normalized density by the equation
38 and the shape of the normalized density by the equation
39 are similar to each other. Therefore, whichever of the
equation 38 and the equation 39 may be used, a similar
discussion to be described later is established.

Next, a standard pattern matrix layer H having a normal-
ized density pi,i,i; (i;=1,2,...,m;) (i,=1,2,...,m,) (i;=1,
2, ..., m,) of the standard moving image as an element and
an input pattern matrix layer N having a normalized density
piiis G,=1, 2, ..., my) (i,=1,2,...,m,) (=1, 2, ...,
m,) of the input moving image as an element are created.
These standard pattern matrix layer H and input pattern
matrix layer N are expressed as in the following equations
40 and 41 instead of the equation 4. Note that the equations
40 and 41 express the shapes of the normalized densities of
the standard moving image and the input moving image by
the m,xm,xm; pieces of element values of the pattern

matrix layers, respectively.

[Equation 40] (40)
hilmg hliyms himyms
J21Imy h2iyms h2mayms

H -
hiylmg hiyipms hiymyms

hml 1m3 RN hml i2m3 . hm1m2m3
hili hlipis himyis
h21i h2iyis h2myis

iy s hiyisi hiymais
hmylis -+ hmyizis -+ hmymyis
hill hiipl himpl
h211 h2ip1 h2my1

hipll hiyipl hiymy1
hmy 1l -+ hmyipl - hmymyl
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-continued
[Equation 41] 41)
nlimg nlims nilmpyms
n2img n2ims n2mpms
N =
niylms niyipms nijmoms
nmylms -+ nmppms - npmymoms
ﬂ11i3 n1i2i3 n1m2i3
ﬂ21i3 n2i2i3 n2m2 i3
niylis niyiais niymyis
nmyliy -+ mmyigis - nmmyis
nlll nlipl nimpl
n2i1 n2iy1 n2my 1
nipll nijipl nipmy 1
nm 1l - mmyibl -+ pmymsl

Moreover, FIG. 63 shows the standard pattern matrix
layer H on an (x-y-time) space, and similarly, FIG. 64 shows
the input pattern matrix layer N on an (x-y-time) space.

In the related art (Japanese Patent Application No. 2000-
277749), as shown in FIG. 65A, a graph of a normal
distribution (normal curve) having a mean value: p=0 and a
value of a variance 0j,j.j,> is created. Moreover, as shown
in FIGS. 65B and 65C, a positive reference pattern vector
Kj j2is ™) and a negative reference pattern vector Kj,j,is 7,
each having a value of the same normal distribution as an
element, are created.

Next, in the related art (Japanese Patent Application No.
2000-277749), the shape change between the standard pat-
tern matrix layer H and the input pattern matrix layer N is
substituted into shape changes of the positive reference
pattern vector Kj,j.j, ' and the negative reference pattern
vector Kj,j.is <. Specifically, with regard to the i,i,i,
element (i,=1, 2, . . ., my) (i,=1, 2, . . ., m,) (i3=1,
2, ..., m;) of the pattern matrix layer, an absolute value of
the variation between the element value hi,i,i; of the stan-
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dard pattern matrix layer H and the element value ni,i,i; of
the input pattern matrix layer N is Ini,i,i;~hi;i,i5l. In this
case, as shown in the equation 42, when ni, 1,1, is larger than
hi,i,1,, an element value kj, j.j,“"i, of the positive reference
pattern vector Kj,j,j,™ is increased by the absolute value
Ini,i,15—hi, 1,1l of this variation. When ni, i,i; is smaller than
hi,i,i,, an element value kj,j,j, i, of the negative refer-
ence pattern vector Kj,j,j, is increased by the absolute
value Ini, i,1,—hi, 1,15 of this variation.

[Equation 42]
fori,=1,2,3, ..., m;;
1,=1,23, ..., my;
1,=1,2,3, ..., my;

when ni i2i2>hi 1513,
kJ1J2]3 )1, is increased by Ini, i,is—hi, i,is),
when ni 1213<h1 1515,

Kjinjs i, is increased by Ini,i,is—hi,imil.
.......... (42)
(G,=1,2,3, ,my)
(G-=1,2,3, , my,)
(G5=1,2,3 , my)

Subsequently, in the related art (Japanese Patent Appli-
cation No. 2000-277749), with regard to the pair of refer-
ence pattern vectors (positive reference pattern vector
Kji,is* and negative reference pattern vector Kj,j,j;)
changed in shape by the equation 42, in the following
equation 43, a size of each shape change thereof is numeri-
cally evaluated as a variation in kurtosis. Namely, a kurtosis
Ajiris™ of the positive reference pattern vector Kj,j,i,“
and a kurtosis Aj,j.j,"” of the negative reference pattern
vector Kj,j,i,* are calculated by the following equation 43.

[Equation 43]

mo
{121 kjljzj(ﬂlo} {Z (quzjsto) leJzJH) 0}
0=

ip=1
2
J i J(3+) 0}

my my
k i Z L. ... Yk i
{Z L) 0} { - Lijrinizio) 150

fres
7

(o

11121(3) }

“43)

=

J1izi3
{Z (L 11121310

io=1

=)=

i1z
{Z (L 111213‘0

io=1

(1 =1,2,3,...,m)
(2=1,2,3,...,m)
(53=1,2,3,...,m3)

Here, description will be made for the change rate of the
kurtosis of the reference pattern vector. Similarly to the
positive reference pattern vector Kj,j,” and the negative
reference pattern vector Kj,j,, which are shown in FIGS.
4B and 4C, the positive reference pattern vector Kj j,j,"*
and the negative reference pattern vector Kj,j.j, which
are shown in FIGS. 65B and 65C, are vectors (one-dimen-
sion) and express the shape of the normal distribution by the
m,, pieces of element values of the vectors. Accordingly, the
description for the change rates of the kurtoses of the
positive reference pattern vector Kj,j,” and the negative
reference pattern vector Kj,j, with reference to FIGS. 5A
to 7B is also established for the positive reference pattern
vector KJ 1isjs™ and the negative reference pattern vector
Kjjajs¢

Accordlngly, the change rate of kurtosis in each element
of the positive reference pattern vector Kj,jj," is previ-

10

15

20

25

30

40

y 55

60

65

88

ously calculated. When only the i,i,i; element of the input
pattern matrix layer is increased with respect to the standard
pattern matrix layer, and thus the i,-th element (i,=1,
2, ..., m,) of the positive reference pattern vector is
increased by the same value, then the change rate of the
kurtosis in the i -th element of the positive reference pattern
vector is defined as gj,j,j;1,, and an absolute value of the
variation between the element value of the standard pattern
matrix layer and the element value of the input pattern
matrix layer is defined as Ini,i,i;—hi,i,i5. Thus, instead of
the upper conditional equation of the equation 7, by an upper
conditional equation of the following equation 44, a value of
a product of gj,j.j;i, and Ini 1213—h1 1,15l can be obtained to
calculate a kurtosis value Aj,j,j,™.

Similarly, when only the i,1,i; element of the input pattern
matrix layer is decreased with respect to the standard pattern
matrix layer, and thus the i -th element (i,=1, 2, ..., m,) of
the negative reference pattern vector is increased by the
same value, then a value of a product of gjj,j;i, and
Ini, i,1;—hi 1,15 can be obtained to calculate a kurtosis value
Aji,js by a lower conditional equation of the following
equation 44 instead of the lower conditional equation of the
equation 7 Note that the equation 44 is established only in
the case where only one element of the positive reference
pattern vector or the negative reference pattern vector is
increased.

[Equation 44]
when ni,i,1;>hi 1,15,
Alydads =348 1ol alo i, iis=hi il
when ni, i,i5<hi 1,15,
Aj o} =B+ Jajalo i is—hi, i)

.......... (44)
G,=1.2.3,...,m,)
(.=1,2.3, ..., m,)
(:=1,2.3, ..., m,)

In the equation 44, Ini,i,i;—hi,i,i;| is substituted with
(ni,i,i;-hi,i,1;) while considering signs thereof, and thus the
following equation 45 is obtained instead of the equation 8.
[Equation 45]

when ni, i,i;>hi; 1,15,

AJ 1j2j3(+):3+gi 1j2j3i0.(nili2i3_hili2i3)

when ni, i,i5<hi 1,15,

Alyials =3+ 1Jaialo (0 i15-hi,1515)

.......... (45)
(G,=1,2,3, m,;)
(!2:1’2,3, s m2)
(]3:152535 cet e m3)

Next, description will be made for a property of the
change in kurtosis of the reference pattern vector. The
positive reference pattern vector Kj,j.j,™ and the negative
reference pattern vector Kjj,j,", which are shown in FIGS.
65B and 65C, are vectors (one dimension), similarly to the
positive reference pattern vector Kj,j, and the negative
reference pattern vector Kj,j,", which are shown in FIGS.
4B and 4C. Moreover, each of these vectors expresses the
shape of the normal distribution by the m,, pieces of element
values of the vector. Accordingly, the description for the
property in the change of the kurtoses of the positive
reference pattern vector Kj,j,* and the negative reference
pattern vector Kj,j, with reference to FIGS. 8A to 13B is
established also for the positive reference pattern vector
Kj'j,js“ and the negative reference pattern vector Kj,j,j.

Accordingly, with regard to the increased two elements of
the positive reference pattern vector, by use of the same
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method as that in FIGS. 5B, 6B and 7B, each variation of the
kurtosis is obtained, and the sum value is obtained by adding
the variation of kurtoses, and thus the kurtosis value
Ajirjs™ can be calculated. Similarly, the kurtosis value
Ajj,j; can be calculated.

The above is established also in the case where three or
more elements of the input pattern matrix layer are simul-
taneously increased with respect to the standard pattern
matrix layer, and thus three or more elements of the positive
reference pattern vector Kjj,js™ are simultaneously
increased. Similarly, the above is established also in the case
where three or more elements of the input pattern matrix
layer are simultaneously decreased with respect to the
standard pattern matrix layer, and thus three or more ele-
ments of the negative reference pattern vector Kj,j,j, are
simultaneously increased.

Accordingly, in the case where plural elements of the
input pattern matrix layer are simultaneously increased with
respect to the standard pattern matrix layer, and thus plural
elements of the positive reference pattern vector are simul-
taneously increased, the kurtosis value Aj,j,j,"* can be
calculated by an upper conditional equation of the following
equation 46 instead of the upper conditional equation of the
equation 9. Specifically, the change rate of kurtosis in the
i,-th element of the positive reference pattern vector is
defined as gj,j,j;i,, and the variation between the element
value of the standard pattern matrix layer and the element
value of the input pattern matrix layer is defined as (ni,i,i;—
hi, i,i5). Then, a value of the product of gj,jj;i, and (ni;ii5—
hi,i,i5) is obtained, and a value of the sum is obtained by
adding the value of the product to the entire elements of the
input pattern matrix layer, which are increased with respect
to the standard pattern matrix layer, and thus the kurtosis
value Aj,j,js"" is calculated.

Similarly, in the case where plural elements of the input
pattern matrix layer are simultaneously decreased with
respect to the standard pattern matrix layer, and thus plural
elements of the negative reference pattern vector are simul-
taneously increased, then, by a lower conditional equation of
the following equation 46 instead of the lower conditional
equation of the equation 9, a value of the product of gj,j,jsi,
and (ni,i,1;-hi,1,i5) is obtained. Then, a value of the sum is
obtained by adding the value of the product to the entire
elements of the input pattern matrix layer, which are
decreased with respect to the standard pattern matrix layer,
and thus the kurtosis value Aj,j,j,*™ is calculated.

[Equation 46] (46)
for all ij,ip,i3 where nijiis,
m . my m
A =30 D0 > D Givdadsio: (niyiads = hiyinls)
3 ey e |
for all iy,ip, i3 where nijiyiz < hijipis,
mm mg

A5 =3=3" 3" giijajsio- (ririnis = hirisia)
1=l ip=1 iz=1

Gr=123,...m)

(2=1,2,3,...,mp)

(s =12.3,...,m3)

Incidentally, in the related art (Japanese Patent Applica-
tion No. 2000-277749), by use of the kurtosis Aj ,j,j,"*) of
the positive reference pattern vector Kj,j,j;* and the kur-
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tosis Aj,j.js"” of the negative reference pattern vector
Kj,j.is"™, both of which are calculated by the equation 43,
a shape variation Dj,j,j; is calculated by the following
equation 47 instead of the equation 10. Specifically, the
Kkurtosis values of the two reference pattern vectors Kj,j,j,“
and Kj,j,j set initially to normal distribution shapes are
both equal to 3. Therefore, the kurtosis variations of the
positive and negative reference pattern vectors changed in
shape by the equation 42 become {Aj,j,j;"*’-3} and
{Aj,isj5-3}), respectively. Accordingly, the variation in
the positive direction becomes {Aj,j.js*’-3}, the variation
in the negative direction becomes {Aj,j.j;-3}, and the
entire variation becomes a difference value therebetween.
On the premise described above, the shape variation Dj,jj;
is calculated.

[Equation 47]

Dj jajs =AAjL 5 =3V ={Aj i fs ' =3 U]

= Aj 5 = Aj iy

(1=1,2,3, .. ,my)
(2=1,2,3, ... ,my)
(3=1,2,3,... ,m3)

Accordingly, the equation 46 is assigned to the equation
47 to obtain the following equation 48 instead of the
equation 11. Specifically, in the case where the plural
elements of the input pattern matrix layer are increased and
decreased simultaneously with respect to the standard pat-
tern matrix layer, and thus the plural elements of the positive
and negative reference pattern vectors are increased simul-
taneously, then the shape variation Dj,j,j; can be calculated
by the equation 48.

[Equation 48]

m o mp m3

Djyjajs = ) D D &y jadsio-(niviais = hivizis)

i=lip=lis=1

(48)

m o mp m3

=2 . 2. Gl aio-nivizis = giy oo - hitiziz)

ij=lip=liz=1

myomy mg myomp o mg

=D > D giihisiorniinis = ) > Y g jsio-

i=lip=lis=1 ij=lip=liz=1

hiybyis
(i1=1,2,3,...,my)
(2=1,2,3,... ,ma)
(3=1,2,3,... ,m3)

From the equation 48, it is understood that the shape
variation Dj,j,j; can be decomposed into a product-sum
operation for the change rate gj,j,j;i, of the kurtosis of the
reference pattern vector and the element value hi, i,i; of the
standard pattern matrix layer and a product-sum operation
for the same change rate gj,j,j;i, and the element value
ni, i,i; of the input pattern matrix layer. In this connection,
as shown in the following equation 49 instead of the
equation 12, the respective product-sum values are defined

as hgjyjaj; and ngj,j,js.
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[Equation 49]
mymy ms 49)
heivjads = 3 >0 > & jadsio- hivinis
i1=lip=liz=1
mom o m
ngjijads = Y, Y. Y. & jaisio-nitiris
iy =lip=liz=l
(j1=1,2,3, ... ,my)
(j2=1,2,3, ... ,mp)
(j3=1,2,3,... ,m3)

Next, description will be made for a method for calcu-
lating the change rate gj,j,jsi, (i,=1, 2, . . ., m,) of the
kurtosis and calculating the element number i, in the equa-
tion 49. Note that the positive reference pattern vector
Kj'j,js“ and the negative reference pattern vector Kj,j,j,
are vectors equivalent to each other. Therefore, the change
rate of the kurtosis of the positive reference pattern vector
Kj'j,is“ and the change rate of the kurtosis of the negative
reference pattern vector Kj,j,j, are equal to each other.
Moreover, as shown in the equation 49, it is not necessary
to distinguish these reference pattern vectors. Accordingly,
in the description below, the positive and negative reference
pattern vectors will be simply referred to as a reference
pattern vector, excluding the signs © and .

FIG. 66A is a schematic diagram showing an example
where only the i,-th element of the reference pattern vector
Kj,j.j; is increased by 1.0. Moreover, FIG. 66B is a graph
(weighting curve) showing a state where the variation
AA] j,j; of the kurtosis Aj,j,j; of the reference pattern vector
changed in shape as shown in FIG. 66A is directly obtained
by the equation 43 and plotted on the position i, in FIG. 66B,
and then a calculated value AAj,j,j; of the kurtosis variation
is changed when the i, is changed from 1 to m,. Here in this
weighting curve, the kurtosis variation when only the i -th
element of the reference pattern vector is increased by 1.0 is
plotted. Therefore, a function value of the weighting curve
becomes equal to the change rate gj,j.jsi, of the kurtosis in
the i -th element (i,=1, 2, . . ., m ) of the reference pattern
vector. Moreover, FIG. 66B also shows a bar graph of which
height is equal to the function value of the weighting curve.
A weighting vector Gj,j,j; having a height value of the bar
graph as an element is created as shown in FIG. 66B., and
is expressed as in the following equation 50 instead of the
equation 13. The equation 50 expresses the change rate of
the kurtosis of the reference pattern vector by the m, pieces
of element values of the vector. While the equations 36, 37,
40 and 41 are matrix layers (three-dimension), the equation
50 is a vector (one-dimension).

[Equation 50]
Giyjo=(gisisl, g1dzia2, - - - s Gidadalos - - - &1jaialo)

.......... &
(G,=123,...,m,)
(,=1.2.3, . ... m,)
(:=1.2.3, . ... m,)

Next, the relationship between the normal curve and the
weighting curve is shown, and the relationship between the
reference pattern vector Kj,j,j; and the weighting vector
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Gj,j.js 1s shown. The positive reference pattern vector
Kj,j.is"* and the negative reference pattern vector Kj, j,i",
which are shown in FIGS. 65B and 65C, are vectors (one
dimension), similarly to the positive reference pattern vector
Kj,i,® and the negative reference pattern vector Kj,j,,
which are shown in FIGS. 4B and 4C. Moreover, each of
these vectors expresses the shape of the normal distribution
by the m,, pieces of element values of the vector. Still more,
the weighting vector Gj,j,j; shown in FIG. 66B is a vector
(one-dimension), similarly to the weighting vector Gj,j,
shown in FIG. 14B, and expresses the change rate of the
kurtosis of the reference pattern vector by the m, pieces of
element values of the vector. Accordingly, the relationship
between the normal curve and the weighting curve and the
relationship between the reference pattern vector Kj,j,j; and
the weighting vector Gj,j,j;, which are with reference to
FIGS. 66A and 66B, are equal to the relationship between
the normal curve and the weighting curve and the relation-
ship between the reference pattern vector Kj,j, and the
weighting vector Gj,j,, which are with reference to FIGS.
15A to 19, respectively.

Specifically, the normal curve and the weighting curve
correspond to each other, the reference pattern vector Kj,j,j;
and the weighting vector Gj,j,j; correspond to each other,
and indices j,jjs, i, and m, of the reference pattern vector
Kj,j,j; and indices j,j.js, 1, and m, of the weighting vector
Gj,j.j; have the same values, respectively.

Moreover, the movement of the center of the normal curve
and the movement of the center of the weighting curve
correspond to each other. Still more, the method for calcu-
lating the element number i, of the reference pattern vector
proximate to the position apart from the center of the
method for calculating the element number i, of the weight-
ing vector proximate to the position apart from the center of
Accordingly, when the j,j,j; element and the i,i,i; element
of the pattern matrix layer are given, i, in the equation 49 is
calculated based on the length between these two points on
the (x-y-time)-normalized space.

Specifically, hgj,j,j; shown in the left side of the equation
49 can be calculated as a product-sum value in such a
manner that the length between the specified element and
each element of the standard pattern matrix layer is obtained,
the element number i, of the weighting vector proximate to
the position apart from the center of the weighting vector by
the above-described length is calculated, the value of the
product of the element value gj,j,j;i, of the above-described
element number of the weighting vector and the element
value hi, i,i; of each element of the standard pattern matrix
layer is obtained, and the above-described value of the
product is added to each element of the standard pattern
matrix layer. Moreover, ngj,j,j; shown in the left side of the
equation 49 can be calculated as a product-sum value in such
a manner that the length between the specified element and
each element of the input pattern matrix layer is obtained,
the element number i, of the weighting vector proximate to
the position apart from the center of the weighting vector by
the above-described length is calculated, the value of the
product of the element value gj,j,j;i, of the above-described
element number of the weighting vector and the element
value ni, 1,15 of each element of the input pattern matrix layer
is obtained, and the above-described value of the product is
added to each element of the input pattern matrix layer.

Next, a weighted standard pattern matrix layer Hg having
hgjjsis G712, . . .. my) G712, ..., my) (571
2, ..., m;) in the equation 49 as an element and a weighted
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input pattern matrix layer Ng having ngj,j,j; G,=1,2, ...,
m,) (j,=1, 2, ..., m,) (j5=1, 2, . . ., m;) in the equation 49
as an element are created. These weighted standard pattern
matrix layer Hg and weighted input pattern matrix layer Ng
are expressed as in the following equations 51 and 52 instead

of the equation 14.

[Equation 51]
hglim, hgliyms hgIm,ms
hg2lm, hg2i,ms hg2m,ms
Hg =
hgi; 1ms hgi iams hgi, mams
hgm, Lms hgm iyms ... hgm myms
hglliy ... hglhis hglm,is
hg2liy ... hg2iis hg2myis
hgilis ... hgijbis hgiymyis
hgmlis ... hgm his ... hgmmyis
hglll ... hglil hglm,l
hg2ll ... hg2il hg2m,1
hgiy 11 ... hgijipl hgiimy1
hgm 11 ... hgm il hgm m;1
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[Equation 52]
ngllms
ng2lms

Ng =

ngiylms

ngmylms

ngllis
ng2lis

ngiy liz

ngmyliz

nglll
ng21l

ngip11

ngmy11l

94

nglizms

ngims

ngijims

ngm ims

ﬂg1i2i3

ﬂg2i2i3

ngijhis

- ngmybis

nglizl
ng2i1

ngiyiz1

- ngmyipl

- ngmympl

nglmyms

ng2mms

ngiymyms

ngmy moms

nglmyis

ng2myis

ngiymyis

ngnymyis

nglmyl
ng2myl

ngiym,1

(52

Moreover, the equation 49 is assigned to the equation 48
to obtain the following equation 53 instead of the equation
65 15. From the equation 53, it is understood that the shape
variation Dj, j,j5 is obtained by subtracting the element value
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hgj,j.j; of the weighted standard pattern matrix layer Hg
from the element value ngj, j,j; of the weighted input pattern
matrix layer Ng.

[Equation 53] 5
Dj1j2)57ngj 1203~ 0gj 13213
.......... (53
(G,=1,2,3, , m;)
(4,=1,2,3, , m,) 10
(G5=1,2,3, . . ., m,)

In the related art (Japanese Patent Application No. 2000-
277749), the square root of the square sum of the m xm,x
m; pieces of shape variations Dj,j,j; calculated by the
equation 53 is defined as the value of the geometric distance.
Accordingly, a geometric distance value d,; can be calculated
by the following equation 54 instead of the equation 16.

15

20

[Equation 54] (54)

25

m

my m3
dg= | X ¥ 3 (Djjjajs)?
J1=1 a=l 3=l

my  m3

my
= [ 3 3 Y (nghi2ds—hg iz’
J1=l jp=1 jz=1

Moreover, in the related art (Japanese Patent Application
No. 2000-277749), the square sum of the m, xm,xm; pieces
of shape variations Dj,j,j, calculated by the equation 53 is
defined as the value of the geometric distance as it is.
Accordingly, the geometric distance value d; can also be
calculated by the following equation 55 instead of the
equation 17.

35

40

[Equation 55]
45

myoompy mg

dg=, >, > Wijz2js)

J1=lip=1j3=1

(5)

momp mg

=D, 2. 2. ngiyjzjs — hej j2Js )

J1=lia=l j3=1

50

Meanwhile, in the equation 49, the element value hi,i,i;
of the standard pattern matrix layer and the element value
ni, i,i; of the input pattern matrix layer are substituted into
the element value hoi,i,i, of the original standard pattern
matrix layer and the element value noi,i,i; of the original
input pattern matrix layer, respectively. Then, as shown in
the following equation 56 instead of the equation 18, the
product-sum value of the change rate gj,j,j;i, in kurtosis of
the reference pattern vector and the element value hoi,i,i; of
the original standard pattern matrix layer is defined as
hogj,j,is, and the product-sum value of the same change rate
€j1j-js1, and the element value noi, i,i; of the original input
pattern matrix layer is defined as nogj,j,js-

96

[Equation 56]

mom 3

hogivjais =y, ). D\ &iiajio- hoitisis

ij=lip=liz=1

(56)

myomy o mg

nogjy j2j3 = Z Z Z &y J2jzio -noiiiris

i=lip=liz=1

(i1=1,2,3,...,my)
(2=1,2,3,... ,mp)
(3=1,2,3,... ,m3)

Next, an original and weighted standard pattern matrix
layer Hog having hogj,j,js (=1, 2, . . ., m;) (=1,
2,...,m,)(j5=1,2,...,m;)in the equation 56 as an element
and an original and weighted input pattern matrix layer Nog
having nogj,j.j; G,=1,2, ..., m;) (=1, 2, ..., m,) (j5=1,
2, ..., my) in the equation 56 as an element are created.
These original and weighted standard pattern matrix layer
Hog and original and weighted input pattern matrix layer
Nog are expressed as in the following equations 57 and 58
instead of the equation 19.

[Equation 57] (57)

hoglim, hogliyms hoglm,ms

hog2Im, hog2i,ms hog2m,ms

hogi, 1m3 hogi,ims hogiymymg

hogm 1ms ... hogm ihms ... hogm moms

hoglli,
hog21i;

hogliyis hoglm,is

hog2i,i3 hog2my, i3

hogi; lis hogi, iz hogiymy iy

hogm lis ... hogm iyis ... hogm myis
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-continued
hoglll hogli,1 hogim,1
hog211 hog2i,1 hog2m,1
hogi; 11 hogi b1 hogiimy1
hogm 11 ... hogm i1 ... hogm mal
[Equation 58] (58)
nogllms nogliyms noglmyms
nog2lms nog2ims nog2m,ms
Nog =
nogiy lms nogiy iyms nogiymyms
nogm, 1m3 - nogm) i2m3 - nrogmipmoms
nogllis noglizis noglmyis
nog2lis nog2iis nog2myis
nogiyliz nogiibxis nogiimy iz
nogmyliz --- nogmyiziz - nogmimaiz
noglll noglipl noglm,l
nog2l11 nog2ip1 nog2m,1
nogi11 nogiiiz1 nogiimy1
nogmi 1l --- nogmiil --- nogmimpl

Here, in the case where the original standard pattern
matrix layer Ho and the original input pattern matrix layer
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No, which are shown in the equations 36 and 37, are
normalized by the sum of the densities of the entire pixels by
use of the equation 38, and thus the standard pattern matrix
layer H and the input pattern matrix layer N, which are
shown in the equations 40 and 41, are created, then the
following equation 59 is established instead of the equation

[Equation 59]

- hoiiiis (59)
hlllzl3= g m

S Y S hojjas

J1=li2=1 j3=1

L noiji iz
nivh iy = ——e—
2 X X onojijajs
Ji=1jpml jiml
(1=1,2,3,...,m)

(=1,2,3,... ,mp)
(3=1,2,3,... ,m3)

Moreover, in the case where the original standard pattern
matrix layer Ho and the original input pattern matrix layer
No, which are shown in the equations 36 and 37, are
normalized by the maximum value of the densities of the
entire pixels by use of the equation 39, and thus the standard
pattern matrix layer H and the input pattern matrix layer N,
which are shown in the equations 40 and 41, are created,
then the following equation 60 is established instead of the
equation 21.

[Equation 60]
L hoiyip i3 (60)
hitipis = ————————
max{hojy j2j3}
L noliiis
Rl = ————————
max{nojy jj3}
(1=1,2,3,...,m)
(2=1,2,3,...,m)
(3=1,2,3,...,m3)

Values of denominators in the right sides in the equation
59 are the sums of the densities of the entire pixels of the
standard moving image and the input moving image, respec-
tively, which are constants. Moreover, values of denomina-
tors in the right sides in the equation 60 are the maximum
values of the densities of the entire pixels of the standard
moving image and the input moving image, respectively,
which are also constants. Accordingly, Ch and Cn are
defined as constants, and the equation 59 and the equation 60
are integrated and represented as in the following equation
61 instead of the equation 22.

[Equation 61]
hi,i,i;=hoi,i,i;/Ch

ni, i,1;=noi,i,i;/Cn
.......... (61)
(i,=1,23,...,m)
(i,=1,23, ..., m,)
(1;=1,2,3, ..., m,)

The equation 61 is substituted into the equation 49, then
the equation 56 is used, and thus the following equation 62
is obtained instead of the equation 23.
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[Equation 62]

my my mg (62)
heivjads = Y > > g iaisio- (hoitinis | Ch)
i=Llip=liz=1
= hogjyj2j3 | Ch
myomy o mg
ngivjais = ), Y. Y &iajsio- (noiiais | Cn)
i=lip=liz=1
=nogj, j2j3 [Cn
(1=1,23,,m)
(2=1,2,3,- ,mp)
(j3=1,2,3,- ,m3)
From the equation 62, with regard to (j,=1, 2, .. ., m,)
(4-=1, 2, ..., m,) (j5=1, 2, . . ., my), it is understood that

the element value hgj,j,j; of the weighted standard pattern
matrix layer is obtained by dividing the element value
hogj j,j; of the original and weighted standard pattern matrix
layer by the constant Ch, and that the element value ngj,j,j;
of the weighted input pattern matrix layer is obtained by
dividing the element value nogj,j,j; of the original and
weighted input pattern matrix layer by the constant Cn.

FIG. 20 is a schematic diagram showing the relationships
of the equation 62. Here, FIG. 20 is read to show arrows
directed from the origin O to the point of the weighted
standard pattern matrix layer Hg, the point of the weighted
input pattern matrix layer Ng, the point of the original and
weighted standard pattern matrix layer Hog, and the point of
the original and weighted input pattern matrix layer Nog,
respectively, on an m, xm,xm; dimensional pattern space. In
FIG. 20, a state is shown, where the origin O, the point of
the weighted standard pattern matrix layer Hg and the point
of the original and weighted standard pattern matrix layer
Hog are arrayed on one straight line, and the origin O, the
point of the weighted input pattern matrix layer Ng and the
point of the original and weighted input pattern matrix layer
Nog are arrayed on the other straight line, based on the
relationships of the equation 62.

Moreover, from the equation 54, it is understood that the
geometric distance dj can be calculated by carrying out the
conventional calculation for the Fuclid distance by use of
the element value hgj,j,j; of the weighted standard pattern
matrix layer and the element value ngj,j,j; of the weighted
input pattern matrix layer. In this connection, FIG. 20 shows
that the geometric distance d. becomes a Euclid distance
between the point of the weighted standard pattern matrix
layer Hg and the point of the weighted input pattern matrix
layer Ng.

Meanwhile, in the moving image recognition for the
binary moving images and moving images other than the
binary moving images, both of which are mixedly present,
generally, it is not previously known in many cases whether
each input moving image is a binary moving image or a
moving image other than the binary moving image. In such
a case, judgment cannot be made as to which of the method
for normalizing the density pattern of the moving image by
the maximum value of the densities of the entire pixels or the
method for normalizing the density pattern thereof by the
sum of the densities of the entire pixels is to be used for
processing the input moving image. Accordingly, the value
of the geometric distance d; shown in the equation 54 will
not be usable.
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In this connection, with regard to the original and
weighted standard pattern matrix layer and the original and
weighted input pattern matrix layer, which are created
without normalizing the density pattern of the moving
image, it is convenient if an angle between these two
original and weighted pattern matrix layers, that is, an angle
between the straight line OHog and the straight line Onog in
FIG. 20, can be used as a similarity scale. Accordingly, the
value of the geometric distance d, can be calculated as a
cosine of the angle between the original and weighted
standard pattern matrix layer Hog and the original and
weighted input pattern matrix layer Nog by the following
equation 63 instead of the equation 24. In the equation 63,
the geometric distance value d, is set in a range: -1=d =+
1. Moreover, when the shape of the original standard pattern
matrix layer Ho and the shape of the original input pattern
matrix layer No are similar to each other, accordingly, when
the shape of the original and weighted standard pattern
matrix layer Hog and the shape of the original and weighted
input pattern matrix layer Nog are similar to each other, then
the value of the angle between these two original and
weighted pattern matrix layers is reduced, and therefore, the
geometric distance value d ; becomes a value approximate to
+1.

[Equation 63]

myoompy mg

DD D, nogiijzjs-hogjijaJs

J1=lip=1j3=1

(63)

dy =

momp mg

35 S st

J1=lip=1j3=1

my m3

\/mz >, > (hogihajs)’

J1=lip=1j3=1

The above description for the first subject of the present
invention will be summarized as below. As shown in the
equation 54 and FIG. 20, the geometric distance d between
the standard pattern matrix layer H and the input pattern
matrix layer N can be calculated as the Euclid distance
between the weighted standard pattern matrix layer Hg and
the weighted input pattern matrix layer Ng. Meanwhile, as
shown in the equation 63 and FIG. 20, the geometric
distance d, between the original standard pattern matrix
layer Ho and the original input pattern matrix layer No can
be calculated as the cosine of the angle between the original
and weighted standard pattern matrix layer Hog and the
original and weighted input pattern matrix layer Nog. Note
that, as being understood from FIG. 20, the value of the
angle between the original and weighted standard pattern
matrix layer Hog and the original and weighted input pattern
matrix layer Nog is equal to the value of the angle between
the weighted standard pattern matrix layer Hg and the
weighted input pattern matrix layer Ng, and therefore, the
geometric distance d , may be calculated as the cosine of the
angle between the weighted standard pattern matrix layer Hg
and the weighted input pattern matrix layer Ng.

As above, description has been made for the solving
means for the first subject of the present invention. Next,
description will be made for the solving means for the
second subject of the present invention.

The on-line handwritten character recognition is a tech-
nology of recognizing a written character from the motion of
a pen writing the character. In this on-line handwritten
character recognition, deformed characters occur for each
writing even if the same character is written. Therefore, the
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method is usually adopted, in which a large number of
human beings write the same character repeatedly, and a
plurality of standard moving images are registered for each
character. In this embodiment, the same characters regis-
tered as described above are defined as standard moving
images in the same category, and characters different from
these are defined as standard moving images in a different
category.

Here, if the distance between the standard moving images
in the same category is shortened, and simultaneously, the
distance between the standard moving images in the differ-
ent categories is elongated, then, as a result, separation of the
standard moving image in the same category and the stan-
dard moving image in the different category is improved,
and thus recognition performance when an input moving
image is given is improved.

However, in the related art (Japanese Patent Application
No. 2000-277749), the square of the ratio value obtained by
dividing, by the following equation 64, the maximum value
Am, 11j,j,j5 of the length between the specified element and
each element of the pattern matrix layer by the constant of
1.4 is defined as the value of variance of the normal
distribution. Moreover, in the related art (Japanese Patent
Application No. 2000-277749), by the precedent equation
42, the entire element numbers of the positive reference
pattern vector and the negative reference pattern vector are
weighted by the constant of 1. Then, with regard to the 1,i,i;
element (i,=1,2, ..., m;) (i,=1,2, ..., m,) (i5=1,2, . . .,
m,) of the pattern matrix layer, the absolute value Ini,i,i;—
hi, 1,15 of the variation between the element value hi, i,i; of
the standard pattern matrix layer and the element value
ni 1,i; of the input pattern matrix layer is substituted into the
increasing quantity of the positive reference pattern vector
or the negative reference pattern vector as it is irrespective
of the element number of the reference pattern vector.

[Equation 64]
o jajs = Amylljijajs (64)
1.4
(h1=1,2,3,-,m)
(2=1,2,3,-+,m)
(5=1,2,3,-+,m3)

Specifically, in the method of the related art, the reference
pattern vector is created by use of the normal distribution
having a fixed value of variance, and the reference pattern
vector is increased by use of the increasing means having a
fixed value of weight. Therefore, the separation of the
standard moving image in the same category and the stan-
dard moving image in the different category is fixed, and
thus the recognition performance when the input moving
image is given cannot be improved.

In order to solve the above-described problem, in the
present invention, instead of the fixed method of the related
art, the reference pattern vector is created by use of the
normal distribution having a variable value of variance. and
the reference pattern vector is increased by use of the
increasing means having a variable value of weight.

In this case, the creation of the reference pattern vector by
use of the normal distribution having the variable value of
variance and the simultaneous increase of the reference
pattern vector by use of the increasing means having the
variable value of weight are equivalent to the expansion and
contraction of the weighting curve created based on the
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change rate of the kurtosis of the normal curve in the
direction parallel to the u-axis and the simultaneous change
of the weighting curve in the direction perpendicular to the
u-axis. Therefore, the former one and the latter one can
obtain the same effect. Here, the latter one that is simpler in
calculation processing as compared with the former one will
be used. Moreover, the latter one results in a matter of
finding a weighting curve where the separation of the
standard moving image in the same category and the stan-
dard moving image in the different category is improved
most, that is, an optimal weighting curve.

Here, with regard to the case of the latter one, the
expansion and contraction of the weighting curve in the
direction parallel to the u-axis for changing the range of the
weighting curve covering the entire (X-y-time)-normalized
space and the expansion and contraction of the weighting
curve in the direction parallel to the u-axis as the center of
the weighting curve is moved in the (x-y-time)-normalized
space are matters of relative expansion and contraction of
the weighting curve and the u-axis. Accordingly, in the
actual calculation, instead of the expansion and contraction
of the weighting curve with respect to the u-axis, the
expansion and contraction of the u-axis with respect to the
weighting curve may be performed contrarily, both of which
are equivalent to each other.

Accordingly, next, with regard to the case of expanding
and contracting the u-axis with respect to the weighting
curve, description will be made for the method for obtaining
the length between the specified element and each element
of the pattern matrix layer to calculate the element number
i, of the weighting vector proximate to the position apart
from the center of the weighting vector by the above-
described length.

First, FIGS. 52A to 53C previously shown will be con-
sidered, extended to the three-dimensional (x-y-time)-nor-
malized space. In the precedent equation 64, the range of the
normal curve: —1.40=u=+1.40 is made to cover the entire
(x-y-time)-normalized space. On the contrary, here, 1.40 is
substituted into the variable Cg, and the range of the
weighting curve: -Cg=u=+Cg is made to cover the entire
(x-y-time)-normalized space. Then, as the value of the
variable Cg is changed, the u-axis is expanded and con-
tracted with respect to one weighting curve.

In this case, with regard to the expansion and contraction
Jj5) and the point (i, i, 15) is expanded and contracted in the
same ratio as the length Am, 11j,j,j5 between the point (j,, j,,
j3) and the point (m,, 1, 1) is expanded and contracted.
Therefore, the value of a ratio obtained by dividing the
becomes a constant value irrespective of the expansion and
contraction of the u-axis. Accordingly, when a position on
the u-axis, which corresponds to the point (i, i, i), is
defined as u,, the position u, can be calculated by the
following equation 65 instead of the equation 34.

[Equation 65]

for iy =1,2,3,---,my;
ib=1,2,3 -, my
i3=1,2,3,- ,m
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-continued
4o = —Ca x Ai1i2i3]:1]:2]:3 (65)
Ami1ljij2js
(1=1,2,3, - ,my)
(j2=1,2,3,-- ,my)
(j3=1,2,3,--- ,m3)

Second, FIGS. 54A to 55B previously shown will be
considered, extended to the three-dimensional (x-y-time)-
normalized space. Here, the u-axis is expanded and con-
tracted with respect to one weighting curve as the center of
the weighting curve moves in the (x-y-time)-normalized
space. In this case, the value of the variable Cg (or variable
Cg*) is the same irrespective of the movement of the center
of the weighting curve. Accordingly, the position u, can be
calculated by the equation 65.

From the above description, the following is understood
with regard to the case of expanding and contracting the
u-axis with respect to one weighting curve. Namely, the
value of the variable Cg is previously set so that the range
of: -Cg=u=+Cg of the weighting curve can cover the entire
(x-y-time)-normalized space. Subsequently, the length
of the pattern matrix layer and the maximum value
Am 11j,j,j5 of the length between the specified element and
each element are obtained, and these lengths are assigned
into the equation 65 to obtain the position u,,. Thus, i, as the
weighting vector element number proximate to the above-
described position u,, can be calculated. Moreover, accord-
ing to the processing method as described above, even if the
m, xm,Xxm; pieces of weighting vectors are not previously
created with regard to the respective cases corresponding to
the j,j,j; elements (j,=1,2,...,m,;) (j,=1, 2, ..., m,) (j5=1,
2, . . ., m,), only by creating one weighting vector,
calculation can be made for the m,xm,xm; pieces of ele-
ment values hgj,j,j; of the weighted standard pattern matrix
layer and the m, xm,xm; pieces of element values ngj,j,j; of
the weighted input pattern matrix layer (or the m;xm,xmj,
pieces of element values hogj,j,j; of the original and
weighted standard pattern matrix layer and the m;xm,xm;,
pieces of element values nogj,j,j; of the original and
weighted input pattern matrix layer).

Incidentally, the optimal weighting curve is related to the
density shapes of the entire registered standard moving
images, and therefore, in the case where the registered
standard moving images are different from each other, then
the optimal weighting curves will differ from each other.
Accordingly, it is necessary to find an optimal weighting
curve among weighting curves of arbitrary shapes.

Accordingly, next, description will be made for a method
for obtaining an optimal weighting curve and an optimal
value of the variable Cg according to the optimal weighting
curve among the weighting curves of arbitrary shapes with
reference to FIGS. 56 to 59. Note that, in FIGS. 56 and 57,
the standard image is read as the standard moving image,
and in Step Sc4 in FIG. 56, the equation 13 is read as the
equation 50. Moreover, in Step Sc5-3 in FIG. 57, the
equation 4, the equation 34, the equation 12, the equation 14
and the equation 16 are read as the equations 40 and 41, the
equation 65, the equation 49, the equations 51 and 52 and the
equation 54, respectively. In this case, FIGS. 56 and 57
become flowcharts showing processing procedures for cal-
culating an optimal weighting curve and an optimal value of
the variable Cg according to the optimal weighting curve
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with regard to the case of using the geometric distance d as
a similarity scale between the standard moving images.

Specifically, as shown in FIGS. 56 and 57, a weighting
curve is previously created based on the change rate of the
kurtosis of the normal curve having a value of variance of 1,
and the weighting curve is multiplied by positive values of
weight to create a plurality of weighting curves with weight.
Then, a weighting vector having a function value of one of
the weighting curves as an element is created. Next, calcu-
lation is made for a ratio values Rz(Cg) of mean values,
which are obtained by dividing the mean geometric distance
values between the standard moving images in the same
category by the mean geometric distance values between the
standard moving images in the different categories, while
changing the value of the variable Cg. Thus, the minimum
value of the ratio values R (Cg) of the mean values is
obtained. This minimum value is obtained repeatedly for the
entire weighting curves described above, and a weighting
curve corresponding to the minimum value among the
minimum values of the ratio values R (Cg) of the mean
values is defined as an optimal weighting curve, and a value
of the variable Cg corresponding to weighting curve is
defined as an optimal value of the variable Cg according to
the optimal weighting curve.

Moreover, the function value of the optimal weighting
curve obtained as described above is defined as a weighting
factor, and the weighting vector having the value of the
above-described weighting factor as an element is created.
Thus, the distance between the standard moving images in
the same category can be shortened, and simultaneously the
distance between the standard moving images in the differ-
ent categories can be elongated. As a result thereof, the
separation of the standard moving image in the same cat-
egory and the standard moving image in the different cat-
egory is improved, and thus the recognition performance
when an input moving image is given is improved.

Meanwhile, in FIGS. 58 and 59, the standard image is
read as the standard moving image, and in Step Sd4 in FIG.
58, the equation 13 is read as the equation 50. Moreover, in
Step Sd5-3 in FIG. 59, the equation 1, the equation 34, the
equation 18, the equation 19 and the equation 24 are read as
the equations 36 and 37, the equation 65, the equation 56, the
equations 57 and 58 and the equation 63, respectively. In this
case, FIGS. 58 and 59 become flowcharts showing process-
ing procedures for calculating an optimal weighting curve
and an optimal value of the variable Cg according to the
optimal weighting curve with regard to the case of using the
geometric distance d, as a similarity scale between the
standard moving images.

Specifically, as shown in FIGS. 58 and 59, a weighting
curve is previously created based on the change rate of the
kurtosis of the normal curve having a value of variance of 1,
and the weighting curve is multiplied by positive values of
weight to create a plurality of weighting curves with weight.
Then, a weighting vector having a function value of one of
the weighting curves as an element is created. Next, calcu-
lation is made for difference values R ,(Cg) of mean values,
which are obtained by subtracting the mean geometric
distance values between the standard moving images in the
different categories from the mean geometric distance values
between the standard moving images in the same category,
while changing the value of the variable Cg. Thus, the
maximum value of the difference values R ,(Cg) of the mean
values is obtained. This maximum value is obtained repeat-
edly for the entire weighting curves described above, and a
weighting curve corresponding to the maximum value
among the maximum values of the difference values R ,(Cg)
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of the mean values is optimized, and a value of the variable
Cg corresponding to the weighting curve is defined as an
optimal value of the variable Cg according to the optimal
weighting curve.

Moreover, the function value of the optimal weighting
curve obtained as described above is defined as a weighting
factor, and the weighting vector having the value of the
above-described weighting factor as an element is created.
Thus, the distance between the standard moving images in
the same category can be shortened, and simultaneously the
distance between the standard moving images in the differ-
ent categories can be elongated. As a result thereof, the
separation of the standard moving image in the same cat-
egory and the standard moving image in the different cat-
egory is improved, and thus the recognition performance
when an input moving image is given is improved.

Generally expressing the above-described matter, the
obtainment of the optimal weighting curve and the optimal
value of the variable Cg results in solving a question of
optimization for obtaining values of (m_+1) pieces of vari-
ables minimizing or maximizing an objective function when
the ratio value R;(Cg) of the mean values or the difference
value R ,(Cg) of the mean values is defined as the objective
function, and the element values gj,j.jsi, (i,=1,2, ..., m,)
of the weighting vector and the value of the variable Cg are
defined as the (m,+1) pieces of variables. With regard to the
question of optimization, in the field of the numerical
calculation method, numerical solutions such as the method
of steepest descent and the Newton’s method are proposed.
These numerical solutions change the values of the variables
in a direction where the objective function is rapidly
decreased or increased, thus calculate the optimal value of
the variable by small number of calculation times. Also in
the present invention, by use of these numerical solutions, it
is made possible to calculate the optimal weighting curve
and the optimal value of the variable Cg efficiently. Accord-
ingly, instead of previously creating the weighting curve
with weight in Step Sc2 in FIG. 56 or in Step Sd2 in FIG.
58, alteration may be made so as to create the weighting
curve with weight for each circulation of the loop in Step
Scd4 in FIG. 56 or in Step Sd4 in FIG. 58, where the
above-described numerical solutions may be utilized. Spe-
cifically, the count-th weighting curve with weight and the
count-th value of the variable Cg may be changed in the
direction where the ratio value R ;(Cg) of the mean values or
the difference value R ,(Cg) of the mean values is rapidly
decreased or increased to obtain the (count+1)-th weighting
curve with weight and the (count+1)-th value of the variable
Cg.

Moreover, for generally considering the above-described
matter, next, description will be made for a relationship
between the conventional FEuclid distance and the geometric
distance d according to the present invention. In this
embodiment, consideration is limitedly made for the case
where, when the weighting curve is changed in the direction
perpendicular to the u-axis, the functional value of the
changed weighting curve when u=0 becomes positive, and
the changed weighting curve intersects the u-axis on two
points and becomes symmetric with respect to u=0 similarly
to the curve shown in FIG. 46B. Here, consideration will be
made for the case where the weighting curve particularly
becomes the Dirac’s delta function as a result of loosening
the above-described limitation and changing the weighting
curve in the direction perpendicular to the u-axis in the
geometric distance dj. Specifically, in the weighting vector,
in the case where gjj,j;i,=1 when i,=(m_+1)/2 and
€ 1J2j31,=0 when i_=(m_+1)/2, the equation 49 is established
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as: hgj;j»5=hj,j.js and ngjijjs=njijds Gi=1, 2, . . ., my)
G-=1, 2, ...,m,) (j5=1, 2, . . ., m;). In this case, the

weighted standard pattern matrix layer and the weighted
input pattern matrix layer become the standard pattern
matrix layer and the input pattern matrix layer, respectively.
Therefore, in the above particular case, the geometric dis-
tance d; shown in the equation 54 becomes equal to the
conventional Euclid distance. Specifically, the geometric
distance d is placed as the one in which the conventional
Euclid distance is expanded and generalized.

Meanwhile, description will be made for a relationship
between the conventional cosine of the angle and the geo-
metric distance d ; according to the present invention. In this
embodiment, consideration is limitedly made for the case
where, when the weighting curve is changed in the direction
perpendicular to the u-axis, the functional value of the
changed weighting curve when u=0 becomes positive, and
the changed weighting curve intersects the u-axis on two
points and becomes symmetric with respect to u=0 similarly
to the curve shown in FIG. 46B. Here, consideration will be
made for the case where the weighting curve particularly
becomes the Dirac’s delta function as a result of loosening
the above-described limitation and changing the weighting
curve into the direction perpendicular to the u-axis in the
geometric distance d . Namely, in the weighting vector, in
the case where gj,j,j;1,=1 when i,=(m_+1)/2 and gj,j,j;1,=0
when i,=(m,+1)/2, the equation 56 is established as:
hogj j,j;=hoj,j,j; and nogj,j,j;=noj,j,j; G,=1, 2, . .., m,)
(G-=1,2,...,m,) (G5=1, 2,. .., m;). In this case, the original
and weighted standard pattern matrix layer and the original
and weighted input pattern matrix layer become equal to the
original standard pattern matrix layer and the original input
pattern matrix layer, respectively. Therefore, in the above
particular case, the geometric distance d, shown in the
equation 63 becomes equal to the conventional cosine of the
angle. Specifically, the geometric distance d , is placed as the
one in which the conventional cosine of the angle is
expanded and generalized.

Moreover, consideration will be made for the above-
described matter in comparison with the prior art. In the
calculation processing of the geometric distance dg, the
weighted standard pattern matrix layer is created by the
product-sum operation of the element value of the weighting
vector and the element value of the standard pattern matrix
layer. Independently thereof, the weighted input pattern
matrix layer is created by the product-sum operation of the
element value of the same weighting vector and the element
value of the input pattern matrix layer. Then, by use of the
weighted standard pattern matrix layer and the weighted
input pattern matrix layer, the conventional calculation for
the Euclid distance is carried out. Here, in another expres-
sion of this calculation processing, the standard pattern
matrix layer undergoes digital filter processing by means of
the weighting vector to create the weighted standard pattern
matrix layer. Independently of this creation, the input pattern
matrix layer undergoes digital filter processing by means of
the same weighting vector to create the weighted input
pattern matrix layer. Then, by use of the weighted standard
pattern matrix layer and the weighted input pattern matrix
layer, the conventional calculation for the Euclid distance is
carried out. Accordingly, the calculation processing of the
geometric distance d can be formally expressed as a com-
bination of the digital filter processing and the Euclid
distance. However, while the conventional digital filter and
Euclid distance are conceived as single and separate indi-
vidually, in the calculation processing of the geometric
distance dg, as shown in FIG. 56, the weighting vector is
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created so that the ratio value R -(Cg) of the mean values can
be minimum. Specifically, the calculation processing of the
geometric distance d; can be said to be substantially a
processing method different from the prior art in which the
digital filter processing and the Euclid distance are closely
related to each other even if the calculation processing is
formally the combination of both of them.

Meanwhile, in the calculation processing of the geometric
distance d,, the original and weighted standard pattern
matrix layer is created by the product-sum operation of the
element value of the weighting vector and the element value
of the original standard pattern matrix layer. Independently
thereof, the original and weighted input pattern matrix layer
is created by the product-sum operation of the element value
of the same weighting vector and the element value of the
original input pattern matrix layer. Then, by use of the
original and weighted standard pattern matrix layer and the
original and weighted input pattern matrix layer, the con-
ventional calculation for the cosine of the angle is carried
out. Here, in another expression of this calculation process-
ing, the original standard pattern matrix layer undergoes
digital filter processing by means of the weighting vector to
create the original and weighted standard pattern matrix
layer. Independently thereof, the original input pattern
matrix layer undergoes digital filter processing by means of
the same weighting vector to create the original and
weighted input pattern matrix layer. Then, by use of the
original and weighted standard pattern matrix layer and the
original and weighted input pattern matrix layer, the con-
ventional calculation for the cosine of the angle is carried
out. Accordingly, the calculation processing of the geometric
distance d, can be formally expressed as a combination of
the digital filter processing and the cosine of the angle.
However, while the conventional digital filter and cosine of
the angle are conceived as single and individual each, in the
calculation processing of the geometric distance d,, as
shown in FIG. 58, the weighting vector is created so that the
difference value R (Cg) of the mean values can be maxi-
mum. Specifically, the calculation processing of the geo-
metric distance d, can be said to be substantially a process-
ing method different from the prior art in which the digital
filter processing and the cosine of the angle are closely
related to each other even if the calculation processing is
formally the combination thereof.

The above description for the second subject of the
present invention will be summarized as below. In the case
of using the geometric distance d as the similarity scale
between the respective standard moving images, while
changing the weighting curve in the direction perpendicular
to the u-axis and the direction parallel to the u-axis, the ratio
value of the mean values is obtained by dividing the mean
geometric distance value between the standard moving
images in the same category by the mean geometric distance
value between the standard moving images in the different
categories, and thus the weighting curve minimizing the
ratio value of the mean values is calculated. Then, the
function value of the above-described weighting curve is
defined as a weighting factor, and the weighting vector
having the value of the above-described weighting factor as
an element is created to calculate the geometric distance
value. Thus, the distance between the standard moving
images in the same category can be shortened, and simul-
taneously the distance between the standard moving images
in the different categories can be elongated. As a result
thereof, the separation of the standard moving image in the
same category and the standard moving image in the dif-
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ferent category is improved, and thus the recognition per-
formance when an input moving image is given is improved.

Meanwhile, in the case of using the geometric distance d
as the similarity scale between the respective standard
moving images, while changing the weighting curve in the
direction perpendicular to the u-axis and the direction par-
allel to the u-axis, the difference value of the mean values,
which is obtained by subtracting the mean geometric dis-
tance value between the standard moving images in the
different categories from the mean geometric distance value
between the standard moving images in the same category,
is obtained, and thus the weighting curve maximizing the
difference value of the mean values is calculated. Then, the
function value of the above-described weighting curve is
defined as a weighting factor, and the weighting vector
having the value of the above-described weighting factor as
an element is created to calculate the geometric distance
value. Thus, the distance between the standard moving
images in the same category can be shortened, and simul-
taneously the distance between the standard moving images
in the different categories can be elongated. As a result
thereof, the separation of the standard moving image in the
same category and the standard moving image in the dif-
ferent category is improved, and thus the recognition per-
formance when an input moving image is given is improved.

The moving image recognition is carried out by use of the
geometric distance value d between the standard pattern
matrix layer and the input pattern matrix layer or the
geometric distance value d, between the original standard
pattern matrix layer and the original input pattern matrix
layer, each of which is calculated as described above.

Concretely, when the original standard pattern matrix
layer having the feature quantity of the standard moving
image as an element and the original input pattern matrix
layer having the feature quantity of the input moving image
as an element are created, in the case where the method for
normalizing the density pattern of the moving image is
previously instructed, the density pattern of the moving
image is normalized by the instructed method to create the
standard pattern matrix layer and the input pattern matrix
layer. Moreover, the weighting vector having the value of
the change rate of the kurtosis of the reference pattern vector
as an element is created. Then, the weighted standard pattern
matrix layer is created by the product-sum operation of the
element value of the weighting vector and the element value
of the standard pattern matrix layer. And independently of
this creation, the weighted input pattern matrix layer is
created by the product-sum operation of the element value of
the same weighting vector and the element value of the input
pattern matrix layer. Next, the conventional calculation for
the Euclid distance is carried out by use of these weighted
standard pattern matrix layer and weighted input pattern
matrix layer, and thus the geometric distance value between
the standard pattern matrix layer and the input pattern matrix
layer is calculated.

Furthermore, instead of the above-described weighting
vector, the ratio value of the mean values, which is obtained
by dividing the mean geometric distance value between the
standard moving images in the same category by the mean
geometric distance value between the standard moving
images in the different categories, is obtained, and the
weighting vector having the value of the weighting factor
minimizing the above ratio value of the mean values as an
element is created. By use of this weighting vector, the
geometric distance value between the standard pattern
matrix layer and the input pattern matrix layer can be
calculated.
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The geometric distance value thus obtained is compared
with an arbitrarily set allowed value. When the geometric
distance value is larger than the allowed value, the input
moving image is judged not to be the standard moving
image. When the geometric distance value is equal
to/smaller than the allowed value, the input moving image is
judged to be the standard moving image.

Meanwhile, when the original standard pattern matrix
layer having the feature quantity of the standard moving
image as an element and the original input pattern matrix
layer having the feature quantity of the input moving image
as an element are created, in the case where the method for
normalizing the density pattern of the moving image is not
previously instructed, the density pattern of the moving
image is not normalized, and the original standard pattern
matrix layer and the original input pattern matrix layer are
used as they are. Moreover, the weighting vector having the
value of the change rate of the kurtosis of the reference
pattern vector as an element is created. Then, the original
and weighted standard pattern matrix layer is created by the
product-sum operation of the element value of the weighting
vector and the element value of the original standard pattern
matrix layer. And independently of this creation, the original
and weighted input pattern matrix layer is created by the
product-sum operation of the element value of the same
weighting vector and the element value of the original input
pattern matrix layer. Next, the conventional calculation for
the cosine of the angle is carried out by use of these original
and weighted standard pattern matrix layer and original and
weighted input pattern matrix layer, and thus the geometric
distance value between the original standard pattern matrix
layer and the original input pattern matrix layer is calculated.

Furthermore, instead of the above-described weighting
vector, the difference value of the mean values, which is
obtained by subtracting the mean geometric distance value
between the standard moving images in the different cat-
egories from the mean geometric distance value between the
standard moving images in the same category, is obtained,
and the weighting vector having the value of the weighting
factor maximizing the above difference value of the mean
values as an element is created. By use of this weighting
vector, the geometric distance value between the original
standard pattern matrix layer and the original input pattern
matrix layer can be calculated.

The geometric distance value thus obtained is compared
with an arbitrarily set allowed value. When the geometric
distance value is smaller than the allowed value, the input
moving image is judged not to be the standard moving
image. When the geometric distance value is equal to/larger
than the allowed value, the input moving image is judged to
be the standard moving image.

Embodiment (V): Method for Recognizing Solid
(Three-Dimension)

Next, description will be made for the method for recog-
nizing a solid by use of a detected value of a similarity
between two pattern matrix layers (or original pattern matrix
layers). In this embodiment, in order to recognize a solid, a
density (mass per volume) pattern of the solid is normalized
by the entire mass or the maximum value of the density, and
thus a standard pattern matrix layer and an input pattern
matrix layer are created. Moreover, a weighting vector
having a value of a change rate in kurtosis of a reference
pattern vector as an element is created. Then, an element
value of the weighting vector and an element value of the
standard pattern matrix layer are subjected to a product-sum
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operation, and thus a weighted standard pattern matrix layer
is created. Independently thereof, the element value of the
same weighting vector and an element value of the input
pattern matrix layer are subjected to the product-sum opera-
tion, and thus a weighted input pattern matrix layer is
created. Subsequently, a conventional calculation for the
Euclid distance is carried out by use of these weighted
standard pattern matrix layer and weighted input pattern
matrix layer, and thus the similarity of the solids is detected.

Meanwhile, an original standard pattern matrix layer and
an original input pattern matrix layer are created without
normalizing the density pattern of the solid. Then, the
element value of the weighting vector and an element value
of the original standard pattern matrix layer are subjected to
the product-sum operation, and thus an original and
weighted standard pattern matrix layer is created. Indepen-
dently thereof, the element value of the same weighting
vector and an element value of the original input pattern
matrix layer are subjected to the product-sum operation, and
thus an original and weighted input pattern matrix layer is
created. Subsequently, a conventional calculation for the
cosine of the angle is carried out by use of these original and
weighted standard pattern matrix layer and original and
weighted input pattern matrix layer, and thus the similarity
of the solids is detected.

Furthermore, the element value of the weighting vector is
adjusted so that a distance between standard pattern matrix
layers (or between original standard pattern matrix layers) in
the same category can be shortened, and that a distance
between standard pattern matrix layers (or between original
standard pattern matrix layers) in different categories can be
elongated simultaneously. Then, the similarity of the solids
is detected by use of the weighting vector having been
adjusted, and by use of a detected value thereof, the solid is
recognized.

FIG. 67 shows a density (mass per volume) distribution of
a solid. As shown in FIG. 67, the solid is constituted of
m xm,xm; pieces of sections obtained by partitioning the
solid into m, pieces in an x-direction, m, pieces in a
y-direction and m, pieces in a z-direction. Here, a density of
the solid in a section of the i,-th in the x-direction, of the
i,-th in the y-direction and of the i,-th of the z-direction is
defined as Pi;i,i;.

Next, an original standard pattern matrix layer Ho having
a density Piji,i; (1,=1,2,...,m;) (i,=1,2, ..., m,) (i;=1,

2,...,m;) of a standard solid as an element and an original
input pattern matrix layer No having a density Pi,i,i; (i;=1,
2,...,m)) (,=1,2,...,m,) (i5=1,2, ..., m;) of an input

solid as an element are created. These original standard
pattern matrix layer Ho and original input pattern matrix
layer No are previously expressed as in the equations 36 and
37. Note that the equations 36 and 37 are read to express the
shapes of the densities of the standard solid and the input
solid, respectively, by the m,xm,xm, pieces of element
values of the original pattern matrix layer.

Incidentally, in the solid recognition, for example, in the
case of measuring the density of a solid by use of a density
of a three-dimensional computerized tomography (CT)
image, even in the same solid, a density distribution varied
for each measurement appears. Therefore, a method is
usually adopted, in which the same solid is measured
repeatedly, and a plurality of standard solids are registered
for each solid. In this embodiment, the density distributions
of the same solid registered as described above are defined
as standard solids in the same category, and density distri-
butions of a solid, which are different from these, are defined
as standard solids in a different category.
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Then, the similarity detection procedure for the moving
images, which is described above, is applied to the original
standard pattern matrix layer Ho and the original input
pattern matrix layer No for the solid, which are created in the
above, and thus the solid recognition is carried out.

Concretely, when the original standard pattern matrix
layer having the feature quantity of the standard solid as an
element and the original input pattern matrix layer having
the feature quantity of the input solid as an element are
created, in the case where the method for normalizing the
density pattern of the solid is previously instructed, the
density pattern of the solid is normalized by the instructed
method to create the standard pattern matrix layer and the
input pattern matrix layer. Moreover, the weighting vector
having the value of the change rate of the kurtosis of the
reference pattern vector as an element is created. Then, the
weighted standard pattern matrix layer is created by the
product-sum operation of the element value of the weighting
vector and the element value of the standard pattern matrix
layer. Independently thereof, the weighted input pattern
matrix layer is created by the product-sum operation of the
element value of the same weighting vector and the element
value of the input pattern matrix layer. Next, the conven-
tional calculation for the Euclid distance is carried out by use
of these weighted standard pattern matrix layer and
weighted input pattern matrix layer, and thus the geometric
distance value between the standard pattern matrix layer and
the input pattern matrix layer is calculated.

Furthermore, instead of the above-described weighting
vector, the ratio value of the mean values, which is obtained
by dividing the mean geometric distance value between the
standard solids in the same category by the mean geometric
distance value between the standard solids in the different
categories, is obtained, and the weighting vector having the
value of the weighting factor minimizing the above ratio
value of the mean values as an element is created. By use of
this weighting vector, the geometric distance value between
the standard pattern matrix layer and the input pattern matrix
layer can be calculated.

The geometric distance value thus obtained is compared
with an arbitrarily set allowed value. When the geometric
distance value is larger than the allowed value, the input
solid is judged not to be the standard solid. When the
geometric distance value is equal to/smaller than the allowed
value, the input solid is judged to be the standard solid.

Meanwhile, when the original standard pattern matrix
layer having the feature quantity of the standard solid as an
element and the original input pattern matrix layer having
the feature quantity of the input solid as an element are
created, in the case where the method for normalizing the
density pattern of the solid is not previously instructed, the
density pattern of the solid is not normalized, and the
original standard pattern matrix layer and the original input
pattern matrix layer are used as they are. Moreover, the
weighting vector having the value of the change rate of the
kurtosis of the reference pattern vector as an element is
created. Then, the original and weighted standard pattern
matrix layer is created by the product-sum operation of the
element value of the weighting vector and the element value
of the original standard pattern matrix layer. Independently
thereof, the original and weighted input pattern matrix layer
is created by the product-sum operation of the element value
of the same weighting vector and the element value of the
original input pattern matrix layer. Next, the conventional
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calculation for the cosine of the angle is carried out by use
of these original and weighted standard pattern matrix layer
and original and weighted input pattern matrix layer, and
thus the geometric distance value between the original
standard pattern matrix layer and the original input pattern
matrix layer is calculated.

Furthermore, instead of the above-described weighting
vector, the difference value of the mean values, which is
obtained by subtracting the mean geometric distance value
between the standard solids in the different categories from
the mean geometric distance value between the standard
solids in the same category, is obtained, and the weighting
vector having the value of the weighting factor maximizing
the above difference value of the mean values as an element
is created. By use of this weighting vector, the geometric
distance value between the original standard pattern matrix
layer and the original input pattern matrix layer can be
calculated.

The geometric distance value thus obtained is compared
with an arbitrarily set allowed value. When the geometric
distance value is smaller than the allowed value, the input
solid is judged not to be the standard solid. When the
geometric distance value is equal to/larger than the allowed
value, the input solid is judged to be the standard solid.

Embodiment (VI): Method for Recognizing Voice
(One-Dimension)

Description will be made for the method for recognizing
a voice by use of a detected value of a similarity between
two pattern vectors (or original pattern vectors). In this
embodiment, in order to recognize a voice, a power spec-
trum pattern of the voice is normalized by the entire energy
of the power spectrum or the maximum value of the power
spectrum, and thus a standard pattern vector and an input
pattern vector are created. Moreover, a weighting vector
having a value of a change rate in kurtosis of a reference
pattern vector as an element is created. Then, an element
value of the weighting vector and an element value of the
standard pattern vector are subjected to a product-sum
operation, and thus a weighting standard pattern vector is
created. Independently thereof, the element value of the
same weighting vector and an element value of the input
pattern vector are subjected to the product-sum operation,
and thus a weighted input pattern vector is created. Subse-
quently, a conventional calculation for the Euclid distance is
carried out by use of these weighted standard pattern vector
and weighted input pattern vector, and thus the similarity of
the voices is detected.

Meanwhile, an original standard pattern vector and an
original input pattern vector are created without normalizing
the power spectrum pattern of the voice. Then, the element
value of the above-described weighting vector and an ele-
ment value of the original standard pattern vector are
subjected to the product-sum operation, and thus an original
and weighted standard pattern vector is created. Indepen-
dently thereof, the element value of the same weighting
vector and an element value of the original input pattern
vector are subjected to the product-sum operation, and thus
an original and weighted input pattern vector is created.
Subsequently, a conventional calculation for the cosine of
the angle is carried out by use of these original and weighted
standard pattern vector and original and weighted input
pattern vector, and thus the similarity of the voices is
detected.
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Furthermore, the element value of the above-described
weighting vector is adjusted so that a distance between
standard pattern vectors (or between original standard pat-
tern vectors) in the same category can be shortened, and that
a distance between standard pattern vectors (or between
original standard pattern vectors) in different categories can
be elongated simultaneously. Then, the similarity of the
voices is detected by use of the weighting vector having
been adjusted, and by use of a detected value thereof, the
voice is recognized.

Here, the method for detecting a similarity between a
standard pattern matrix and an input pattern matrix (or an
original standard pattern matrix and an original input pattern
matrix) with regard to the image, the voice, the oscillation
wave and the like, which is previously described, is applied
to the method for detecting a similarity between a standard
pattern vector and an input pattern vector (or an original
standard pattern vector and an original input pattern vector).

Note that, in the prior art (the gazette of Japanese Patent
Laid-Open No. Hei 10(1998)-253444 (Japanese Patent
Application No. Hei 9(1997)-61007)), the number of ele-
ments of the positive reference pattern vector and the
negative reference pattern vector is equal to the number of
elements of the standard pattern vector and the input pattern
vector. Moreover, the value of variance of the normal
distribution is always equal to 1 irrespective of the move-
ment of the center of the normal curve.

On the contrary, in this embodiment, similarly to the
related art (Japanese Patent Application No. 2000-277749),
the number of elements of the positive reference pattern
vector and the negative reference pattern vector is different
from the number of elements of the standard pattern vector
and the input pattern vector. Moreover, as the center of the
normal curve is moved, the value of variance of the normal
distribution is changed. Accordingly, prior to description for
the embodiment of the present invention, amendment and
addition shown below will be made for the prior art (the
gazette of Japanese Patent Laid-Open No. Hei 10(1998)-
253444 (Japanese Patent Application No. Hei 9(1997)-
61007)).

First, in the equation of the paragraph [0041] of the prior
art (the gazette of Japanese Patent Laid-Open No. Hei
10(1998)-253444 (Japanese Patent Application No. Hei
9(1997)-61007)), the number of elements of the standard
pattern vector H and the input pattern vector N is m, which
is amended as m,.

Next, FIG. 68 is a schematic diagram of a voice power
spectrum having the m, pieces of frequency bands, showing
frequency-normalized segments with a length of a frequency
axis set to 1. In this embodiment, in the case which band-
widths of the frequency bands are different each other, FIG.
68 was constructed so that the elements of the power
spectrum are allocated in same pitch. Accordingly, as shown
in FIG. 68, a length between the elements becomes 1/(m, -
1). In FIG. 68, a point j, and a point i, on the frequency-
normalized segments are shown. Moreover, a point 1 that is
the farthest from the point j, among the entire points on the
same segments is also shown. Accordingly, a length Aij,
between the point j, and the point i, can be calculated by the
following equation 66. Similarly, a length A1j, between the
point j, and the point 1 can be calculated by the following
equation 67. Alj, is the maximum value of the length
between the point j, and each point.
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[Equation 66]
fori; =1,2,3, -+ ,my: (66)
N Ui
Aiyj1 =
1J1 =1
(1=1,2,3,-,m)
[Equation 67]
1-7j 67
A= I1-jl (67)
[my =1

(i1=1,2,3,-- ,my)

FIG. 69A shows a graph of a normal distribution (normal
curve) when the mean value is set as: u=0 and the variance
is set as oj,>. Moreover, FIGS. 69B and 69C show bar
graphs, each having a height equal to a function value of the
normal curve. A positive reference pattern vector Kj, ™
having a value of the height of this bar graph as an element
is created as shown in FIG. 69B, and a negative reference
pattern vector Kj, ™ having the value of the height of the
same bar graph as an element is created as shown in FIG.
69C, which are expressed as in the following equation 68.
The equation 68 expresses shapes of the normal distribution
by the m, pieces of element values of the vectors. While
each of the standard pattern vector H and the input pattern
vector N is a vector (one-dimension) having the m, pieces of
element values, the equation 68 is vectors (one-dimension),
each having the m  pieces of element values. As understood
from FIGS. 69A to 69C, this pair of reference pattern vectors
Kj, ™ and Kj,* are vectors equivalent to each other. Not
that an index j, in the equation 68 corresponds to the point
j; shown in FIG. 68, and that m, in the equation 68 may be
an arbitrary natural number different from the number m, of
elements of the standard pattern vector H and the input
pattern vector N.

[Equation 68]

Ki, =, 1, ki, ®2, . . . &, Wi, . . ., &k, Pmy)
Kj, O=(kj, 1, &, 92, . . Kj, Qg .., Ky Omg)
.......... (68)
01:152535 Ceey ml)

In FIG. 69A, the point j, is made to correspond to u=0,
and the point 1 is made to correspond to u=-1.40j,. Accord-
ingly, the point i, will correspond to a value of u between
u=0 and u=-1.40j,. Moreover, while the length Alj,
between the point j, and the point 1 can be calculated by the
equation 67, the length Alj, is also a length between 0 and
-1.40j, on the u-axis, which are shown in FIG. 69A.
Accordingly, the value of variance of the normal distribution
can be calculated by the following equation 69.

[Equation 69]
AL (69)
ThETa

(1=1,23,,m)

If the value of variance of the normal distribution is
calculated by the above-described method, then a principal
element of the normal distribution (range of: -1.40j Sus+
1.40j, in the case of the equation 69) can be made to cover
the entire frequency-normalized segments. Specifically, the
normal curve is decided by the value of variance of the
normal distribution, which is obtained by the equation 69.
Moreover, this normal curve is applied to FIGS. 69B and
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69C and the equation 68, and thus the positive reference
pattern vector Kj,™ and the negative reference pattern
vector Kj,™ can be created.

Here, each i,-th element (i,=1, 2, .. ., m,) of the pattern
vector will be considered after a j, -th element is fixed on one
value among: j,=1 to m, as a specified element of the pattern
vector. While the length Ai j, between the point j, and the
point i, can be calculated by the equation 66, Ai,j, is also a
value of deviation from the mean value of the normal
distribution as shown in FIG. 69A.

Moreover, as shown in FIG. 69C, when a length between
the respective element numbers of the reference pattern
vector is defined as Ayj,, the value of deviation Lj,i, from
the mean value of the normal distribution, which corre-
sponds to the element number i, (i,=1, 2, .. ., m,), can be
calculated by the following equation 70. Note that, here,
consideration is made for the case where the length between
the respective element numbers of the reference pattern
vector is equal to the others. In the equation 70, (m_+1)/2 is
an element number of the center of the reference pattern
vector.

[Equation 70]

mo + 1

. 70)
i — 2

Ljyig =

‘XA}’J]
(fo=1,2,3, -, mp)
(i1=1,2,3,- ,my)

FIGS. 69A to 69C show a relationship between the
above-described Ai,j, and Lj,i,. FIG. 69A shows that Ai j,
is the length between the point j, and the point i,. Moreover,
FIGS. 69B and 69C show that each element number of the
positive reference pattern vector and the negative reference
pattern vector, which is proximate to the position apart, by
M, j,, from the center of the positive reference pattern vector
or the negative reference pattern vector, is i,. Moreover,
FIGS. 69B and 69C show that the value of deviation from
the mean value of the normal distribution, which corre-
sponds to the element number i, is Lj,i,.

Specifically, when the j,-th element and the i,-th element
of'the pattern vector are given, the length Ai, j, between these
two points is calculated by the equation 66, and then, with
regard to the reference pattern vector, the element number i,
the value of deviation Lj,i, from the mean value of the
normal distribution, and the element values kj,“”i, and
kjl(‘)io will be obtained.

Here, if the number m, of elements of the reference
pattern vector is made sufficiently large (Ayj, is made
sufficiently small), then an error between the value of Ai j,
and the value of Lj,i, can be made sufficiently small, thus
making it possible to obtain a highly precise calculation
result. Moreover, since the element number i, and the
element number (m,-i,+1) are symmetric to each other with
respect to the mean value of the normal distribution, (m_—
i,+1) may be used instead of i,.

Next, the shape change between the standard pattern
vector and the input pattern vector is substituted into shape
changes of the positive reference pattern vector Kj,” and
the negative reference pattern vector Kj,”. Specifically,
with regard to the i,-th element (i,=1, 2, . . . , m,) of the
pattern vector, an absolute value of the variation between the
element value hi, of the standard pattern vector and the
element value ni; of the input pattern vector is ni,-hi,l. In
this case, as shown in the following equation 71, when ni,
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is larger than hi,, the element value kj, i, of the positive
reference pattern vector Kj, ™ is increased by the absolute
value Ini;-hi,| of this variation. And when ni, is smaller than
hi,, the element value kj,“’i, of the negative reference
pattern vector Kj, is increased by the absolute value
Ini, -hi,| of this variation.

[Equation 71]
fori,=1,2,3, ..., m;:
when ni, >hi,,
kj, i, is increased by Ini,—hi,l,
when ni, <hi,,
kj, i, is increased by Ini,hi,|.
(71
(G,=1,2,3, ..., m,)

Accordingly, if the value of variance of the normal
distribution is calculated by the equation 69, and the element
values kj, i, and kj, i, of the reference pattern vectors are
increased by the equation 71, then the value of the normal
distribution can be increased in the range of: ~1.40j Su=+
1.40j, for every combination of the j,-th element and the
i;-th element of the pattern vector.

Moreover, in the case where the mean value of the normal
distribution is sequentially moved to the respective element
positions of the standard pattern vector shape, for each point
71 G,=1,2,...,m,), apoint that is the farthest from the point
j; among the entire points on the frequency-normalized
segments is applied to the equation 67. Thus, the maximum
value of the length between the point j, and each point is
obtained. Then, the normal distribution having a value of
variance, which is different for each point j,, is created by
the equation 69. Accordingly, the principal portion of the
normal distribution can be made to always cover the entire
segments described above irrespective of the position of the
mean value of the normal distribution. Accompanied there-
with, the positive reference pattern vector shape and the
negative reference pattern vector shape, which correspond to
the point j, (j;=1, 2, ..., m,), will be different for each point
Ji-

As described above, the amendment and addition have
been made for the prior art (the gazette of Japanese Patent
Laid-Open No. Hei 10(1998)-253444 (Japanese Patent
Application No. Hei 9(1997)-61007)). Then, description
will be made below for the method for recognizing a voice
by use of a detected value of a similarity between two
pattern vectors (or original pattern vectors).

The prior art (the gazette of Japanese Patent Laid-Open
No. Hei 10(1998)-253444 (Japanese Patent Application No.
Hei 9(1997)-61007)) shows a method for calculating a
power spectrum Pi, (i,=1, 2, ..., m,) in an i,-th frequency
band by the following equation 72 in order to extract a
feature of a frequency distribution of the voice. Note that, in
the equation 72, Pi is read as Pi,; xi(t) as xi,(1); i as 1;; and
m as m,, respectively.

[Equation 72]

T (72)

Pi =3 {viw}

t=0
(i=1,2,3,-,m)

Accordingly, next, an original standard pattern vector Ho

having a power spectrum Pi, (i,=1, 2, ..., m,) of a standard
voice as an element and an original input pattern vector No
having a power spectrum Pi; (i,=1, 2, ..., m,) of an input
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voice as an element are created. These original standard
pattern vector Ho and original input pattern vector No are
expressed as in the following equation 73 instead of the
equation 1. Note that the equation 73 expresses the shapes
of the power spectra of the standard voice and the input
voice by the m, pieces of element values of the original
pattern vector.

[Equation 73]

Ho=(hol, ho2, . . ., hoiy, . .. hom,)

No=(nol, no2, . .. , nom,) (73)

, DOIy, . . .

In the prior art (the gazette of Japanese Patent Laid-Open
No. Hei 10(1998)-253444 (Japanese Patent Application No.
Hei 9(1997)-61007)), as processing, the power spectrum Pi,
(1,=1, 2, ..., m,) of the voice is normalized by the entire
energy of the power spectrum. Namely, the normalized
power spectrum pi, in the i,-th frequency band is calculated
by the following equation 74 instead of the equation 2.

[Equation 74] (74)
. piy
Ph =5
X Py
1=
1=1,2,3,... ,m)
Moreover, the power spectrum Pi;, (i,=1, 2, ..., m;) of

the voice may be normalized by the maximum value of the
power spectrum. Specifically, the normalized power spec-
trum pi, in the i, -th frequency band can be calculated by the
following equation 75 instead of the equation 3. Note that a

symbol max{Pj,} in the equation 75 implies the maximum
value of a power spectrum Pj, (j;=1, 2, ..., m,) of the voice.
[Equation 75]
. P (75)
Ph = i
(i1 =1,2,3, - ,my)

Here, the shape of the normalized power spectrum by the
equation 74 and the shape of the normalized power spectrum
by the equation 75 are similar to each other. Therefore,
whichever of the equation 74 and the equation 75 may be
used, a similar discussion to be described later is established.

Next, a standard pattern vector H having a normalized
power spectrum pi; (i,=1, 2, ..., m,) of the standard voice
as an element and an input pattern vector N having a
normalized power spectrum pi; (i,=1, 2, . . ., m,) of the
input voice as an element are created. These standard pattern
vector H and input pattern vector N are expressed as in the
following equation 76 instead of the equation 4. Note that
the equation 76 expresses the shapes of the normalized
power spectra of the standard voice and the input voice by
the m, pieces of element values of the pattern vectors.

[Equation 76]

H=(h1,h2, ..., hij, ..., hm,)

N=(nln2,... , nm;) (76)

, Dig, ...

In the prior art (the gazette of Japanese Patent Laid-Open
No. Hei 10(1998)-253444 (Japanese Patent Application No.
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Hei 9(1997)-61007)), as shown in FIG. 69A, the graph of the
normal distribution (normal curve), which has the mean
value: u=0 and the value of variance of oj,?, is created.
Moreover, as shown in FIGS. 69B and 69C, the positive
reference pattern vector Kj,* and the negative reference
pattern vector Kj, ™, each of which has the value of the same
normal distribution as an element, are created.

Next, in the equation 71, the shape change between the
standard pattern vector H and the input pattern vector N is
substituted with the shape changes of the positive reference
pattern vector Kj,* and the negative reference pattern
vector Kj, . Specifically, with regard to the i,-th element
(1,=1, 2, ..., m,) of the pattern vector, an absolute value of
the variation between the element value hi, of the standard
pattern vector H and the element value ni, of the input
pattern vector N is Ini;—hi,l. In this case, as shown in the
equation 71, when ni, is larger than hi,, an element value
kj, i, of the positive reference pattern vector Kj,“ is
increased by the absolute value Ini,-hi,| of this variation.
And when ni, is smaller than hi,, an element value kj, i,
of the negative reference pattern vector Kj, ™ is increased by
the absolute value Ini,-hi, | of this variation.

Subsequently, in the prior art (the gazette of Japanese
Patent Laid-Open No. Hei 10(1998)-253444 (Japanese
Patent Application No. Hei 9(1997)-61007)), with regard to
the pair of reference pattern vectors (positive reference
pattern vector Kj,* and negative reference pattern vector
Kj, ) changed in shape by the equation 71, a size of each
shape change thereof is numerically evaluated as a variation
in kurtosis by the following equation 77. Specifically, a
kurtosis Aj,* of the positive reference pattern vector Kj,
and a kurtosis Aj, ™ of the negative reference pattern vector
Kj, are calculated by the equation 77. Note that, in the
equation 77, A® is read as Aj,“”; m as m,; i=1 as i,=1; k™i
as kj, i ; Li as Lj,i,; A© as Aj,; and k1 as kj, i, ;
respectively, and j,=1, 2, . . ., m, is set.

[Equation 77] an

{Zm: k‘*’i}{zm: (Liy -k‘*’i}

Al = NFL i=1

{% (Li? -kwi}z

i=1

{2 k(f)i}{i (Lt k‘*’i}

A = i=1

{% (Li? -kHi}z

i=1

Here, description will be made for the change rate in
kurtosis of the reference pattern vector. The positive refer-
ence pattern vector Kj,* and the negative reference pattern
vector Kj,*, which are shown in FIGS. 69B and 69C, are
vectors (one dimension), similarly to the positive reference
pattern vector Kj,j,*” and the negative reference pattern
vector Kj,j,", which are shown in FIGS. 4B and 4C.
Moreover, each of these vectors expresses the shape of the
normal distribution by the m,, pieces of element values of the
vector. Accordingly, the description for the change rate of
the kurtoses of the positive reference pattern vector Kj,j,™
and the negative reference pattern vector Kj,j,*” with ref-
erence to FIGS. 5A to 7B is established also for the positive
reference pattern vector Kj, and the negative reference
pattern vector Kj, .
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Accordingly, the change rate of kurtosis in each element
of the positive reference pattern vector Kj, ™ is previously
calculated, and when only the i,-th element of the input
pattern vector is increased with respect to the standard
pattern vector, and thus the i -th element (i,=1,2,...,m,)
of the positive reference pattern vector is increased by the
same value, then the change rate of kurtosis in the i -th
element of the positive reference pattern vector is defined as
2j,1,, and the absolute value of the variation between the
element value of the standard pattern vector and the element
value of the input pattern vector is defined as Ini,-hi,|. Then,
by an upper conditional equation of the following equation
78 instead of the upper conditional equation of the equation
7, a value of a product of gj,i, and Ini, -hi,| can be obtained
to calculate the kurtosis value Aj,.

Similarly, when only the i, -th element of the input pattern
vector is decreased with respect to the standard pattern
vector, and thus the i -th element (i,=1, 2, . . . , m,) of the
negative reference pattern vector is increased by the same
value, then a value of a product of gj, i, and Ini,<hi,| can be
obtained to calculate the kurtosis value Aj,” by a lower
conditional equation of the following equation 78 instead of
the lower conditional equation of the equation 7. Note that
the equation 78 is established only in the case where only
one element of the positive reference pattern vector or the
negative reference pattern vector is increased.

[Equation 78]
when ni >hi,,
Aj,®=34gj iy i, -hi,|
when ni, <hi,,
Aj,O=3+gj iyIni, -hi,|
(78
G,=1,2,3, ..., m,)
In the equation 78, Ini,-hi,| is substituted into (ni,-hi,)
while considering signs thereof, and thus the following
equation 79 is obtained instead of the equation 8.

[Equation 79]
when ni, >hi,,
Aj, D=34gj iy (ni; -hi,)
when ni, <hi,,
Aj,7=3-gj iy(ni;~hi,)
(79)
G,=1,2,3, ..., m,)

Next, description will be made for a property of the
change in kurtosis of the reference pattern vector. The
positive reference pattern vector Kj,™ and the negative
reference pattern vector Kj,, which are shown in FIGS.
69B and 69C, are vectors (one dimension), similarly to the
positive reference pattern vector Kj,j, and the negative
reference pattern vector Kj,j,, which are shown in FIGS.
4B and 4C. Moreover, each of these vectors expresses the
shape of the normal distribution by the m,, pieces of element
values of the vector. Accordingly, the description for the
property of the change in the kurtoses of the positive
reference pattern vector Kj,j,* and the negative reference
pattern vector Kj,j,~with reference to FIGS. 8A to 13B is
established also for the positive reference pattern vector
Kj'™ and the negative reference pattern vector Kj, .

Accordingly, with regard to the increased two elements of
the positive reference pattern vector, by use of the same
method as that in each FIGS. 5B, 6B and 7B, each variation
of the kurtosis is obtained, and the sum value is obtained by
adding thereto each variation of the kurtosis, and thus the
kurtosis value Aj,™ can be calculated. Similarly, the kur-
tosis value Aj," can be calculated.
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The above is established also in the case where three or
more elements of the input pattern vector are simultaneously
increased with respect to the standard pattern vector, and
thus three or more elements of the positive reference pattern
vector Kj, ™ are simultaneously increased. Similarly, the
above is established also in the case where three or more
elements of the input pattern vector are simultaneously
decreased with respect to the standard pattern vector, and
thus three or more elements of the negative reference pattern
vector Kj,*™ are simultaneously increased.

Accordingly, in the case where plural elements of the
input pattern vector are simultaneously increased with
respect to the standard pattern vector, and thus plural ele-
ments of the positive reference pattern vector are simulta-
neously increased, the kurtosis value Aj, ™ can be calculated
by an upper conditional equation of the following equation
80 instead of the upper conditional equation of the equation
9. Namely, the change rate of kurtosis in the i -th element of
the positive reference pattern vector is defined as gj,i,, and
the variation between the element value of the standard
pattern vector and the element value of the input pattern
vector is defined as (ni,-hi,). Then, a value of the product
of' gj,i, and (ni,-hi,) is obtained, and a value of the sum is
obtained by adding the value of the product to the entire
elements of the input pattern vector, which are increased
with respect to the standard pattern vector, and thus the
kurtosis value Aj, is calculated.

Similarly, in the case where plural elements of the input
pattern vector are simultaneously decreased with respect to
the standard pattern vector, and thus plural elements of the
negative reference pattern vector are simultaneously
increased, then, by a lower conditional equation of the
following equation 80 instead of the lower conditional
equation of the equation 9, a value of the product of gj,i, and
(ni;-hi,) is obtained. Then, a value of the sum is obtained by
adding the value of the product to the entire elements of the
input pattern vector, which are decreased with respect to the
standard pattern vector, and thus the kurtosis value Aj,* is
calculated.

[Equation 80] (30)

-for all i; where ni; > hij,

ny
AR =34 ) giio - (niy — hip)
i=1

-for all i; where nri; < hiy,

AT =33 gjiio-(niy —hip) (i =1,2,3, .., my)
i=1

Incidentally, in the prior art (the gazette of Japanese
Patent Laid-Open No. Hei 10(1998)-253444 (Japanese
Patent Application No. Hei 9(1997)-61007)), by use of the
Kkurtosis Aj,* of the positive reference pattern vector Kj,
and the kurtosis Aj,” of the negative reference pattern
vector Kj, ™, both of which are calculated by the equation
77, a shape variation Dj, is calculated by the following
equation 81 instead of the equation 10. Specifically, the
Kkurtosis values of the two reference pattern vectors Kj,
and Kj,  set initially to normal distribution shapes are both
equal to 3. Therefore, the kurtosis variations of the positive
and negative reference pattern vectors changed in shape by
the equation 71 become {Aj,*-3} and {Aj, -3}, respec-
tively. Accordingly, the variation in the positive direction
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becomes {Aj, -3}, the variation in the negative direction
becomes {Aj,“?-3}, and the entire variation becomes a
difference value therebetween. On the premise described
above, the shape variation Dj, is calculated.

[Equation 81] (81)

Djy =1Aj" =31 - 1A/ -3}
i)

=AR" - AR
(=123 ,m)

Accordingly, the equation 80 is assigned to the equation
81 to obtain the following equation 82 instead of the
equation 11. Specifically, in the case where the plural
elements of the input pattern vector are increased and
decreased simultaneously with respect to the standard pat-
tern vector, and thus the plural elements of the positive and
negative reference pattern vectors are increased simulta-
neously, then, by the equation 82, the shape variation Dj, can
be calculated.

[Equation 82] (82)

mny
Djy = ) giyio- (nix = hir)
i=1

m
= > &0 ni = gjyio-hir)
i=1

mny mny
= > gio-nit = ) girio-hit (i =1,2.3, ....m)

ip=1 ip=1

From the equation 82, it is understood that the shape
variation Dj; can be decomposed into a product-sum opera-
tion for the change rate gj, i, of the kurtosis in the reference
pattern vector and the element value hi; of the standard
pattern vector and a product-sum operation for the same
change rate gj,i, and the element value ni, of the input
pattern vector. In this connection, as shown in the following
equation 83 instead of the equation 12, the respective
product-sum values are defined as hgj, and ngj,.

[Equation 83] (83)

mny
hgjy = ) giyio- hit
i=1

mny
ngjy = Y girio-nit (i =1,2,3, ....m1)
i=1

Next, description will be made for a method for calcu-
lating the change rate gj,i, (i,=1, 2, . . ., m,) of the kurtosis
and calculating the element number i, in the equation 83.
Note that the positive reference pattern vector Kj,* and the
negative reference pattern vector Kj, are vectors equiva-
lent to each other. Therefore, the change rate of the kurtosis
of the positive reference pattern vector Kj, and the change
rate of the kurtosis of the negative reference pattern vector
Kj, are equal to each other. Moreover, as shown in the
equation 83, it is not necessary to distinguish these reference
pattern vectors. Accordingly, in the description below, the
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positive and negative reference pattern vectors will be
simply referred to as a reference pattern vector, excluding
the signs ® and <.

FIG. 70A is a schematic diagram showing an example
where only the i -th element of the reference pattern vector
Kj, is increased by 1.0. Moreover, FIG. 70B is a graph
(weighting curve) showing a state where the variation AAj,
of the kurtosis Aj, of the reference pattern vector changed in
shape as shown in FIG. 70A is directly obtained by the
equation 77 and plotted on the position i, in FIG. 70B, and
then a calculated value AAj, of the kurtosis variation is
changed when the i, is changed from 1 to m,. Here in this
weighting curve, the kurtosis variation when only the i -th
element of the reference pattern vector is increased by 1.0 is
plotted. Therefore, a function value of the weighting curve
becomes equal to the change rate gj,i, of the kurtosis in the
i,-th element (i,=1, 2, . . ., m,) of the reference pattern
vector. Moreover, FIG. 70B also shows a bar graph of which
height is equal to the function value of the weighting curve.
A weighting vector Gj,; having a height value of the bar
graph as an element is created as shown in FIG. 70B, and is
expressed as in the following equation 84 instead of the
equation 13. The equation 84 expresses the change rate of
the kurtosis of the reference pattern vector by the m, pieces
of element values of the vector. While the equations 73 and
76 are vectors (one-dimension), each having the m, pieces of
element values, the equation 84 is a vector (one-dimension)
having the m, pieces of element values.

[Equation 84]

Gi=(g,1, g2, - - ., oy - - -

(84)
(G,=1,23, ..., m))

Next, the relationship between the normal curve and the
weighting curve is shown, and the relationship between the
reference pattern vector Kj,; and the weighting vector Gj, is
shown. The positive reference pattern vector Kj, ™ and the
negative reference pattern vector Kj,™, which are shown in
FIGS. 69B and 69C, are vectors (one-dimension), similarly
to the positive reference pattern vector Kj,j,**) and the
negative reference pattern vector Kj,j,*™, which are shown
in FIGS. 4B and 4C. Moreover, each of these vectors
expresses the shape of the normal distribution by the m,
pieces of element values of the vector. Still more, the
weighting vector Gj; shown in FIG. 70B is a vector (one-
dimension), similarly to the weighting vector Gj, j, shown in
FIG. 14B, and expresses the change rate of the kurtosis of
the reference pattern vector by the m, pieces of element
values of the vector. Accordingly, the relationship between
the normal curve and the weighting curve and the relation-
ship between the reference pattern vector Kj, and the
weighting vector Gj,, which are with reference to FIGS. 70A
and 70B, are equal to the relationship between the normal
curve and the weighting curve and the relationship between
the reference pattern vector Kj,j, and the weighting vector
Gj,j,, which are with reference to FIGS. 15A to 19, respec-
tively.

Specifically, the normal curve and the weighting curve
correspond to each other, the reference pattern vector Kj,
and the weighting vector Gj, correspond to each other, and
indices j,, i, and m, of the reference pattern vector Kj, and
indices j,, i, and m, of the weighting vector Gj, have the
same values, respectively.

Moreover, the movement of the center of the normal curve
and the movement of the center of the weighting curve
correspond to each other. Still more, the method for calcu-
lating the element number i, of the reference pattern vector

» 2j1m)
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proximate to the position apart from the center of the
reference pattern vector by the length Ai j, and the method
for calculating the element number i, of the weighting vector
proximate to the position apart from the center of the
weighting vector by the length Ai,j, are the same. Accord-
ingly, when the j,-th element and the i,-th element of the
pattern vector are given, i, in the equation 83 is calculated
based on the length between these two points on the fre-
quency-normalized segments.

Specifically, hgj, shown in the left side of the equation 83
can be calculated as a product-sum value in such a manner
that the length between the specified element and each
element of the standard pattern vector is obtained, the
element number i, of the weighting vector proximate to the
position apart from the center of the weighting vector by the
above-described length is calculated, the value of the prod-
uct of the element value gj,i, of the above-described element
number of the weighting vector and the element value hi; of
each element of the standard pattern vector is obtained, and
the above-described value of the product is added to each
element of the standard pattern vector. Moreover, ngj,
shown in the left side of the equation 83 can be calculated
as a product-sum value in such a manner that the length
between the specified element and each element of the input
pattern vector is obtained, the element number i, of the
weighting vector proximate to the position apart from the
center of the weighting vector by the above-described length
is calculated, the value of the product of the element value
gj,1, of the above-described element number of the weight-
ing vector and the element value ni, of each element of the
input pattern vector is obtained, and the above-described
value of the product is added to each element of the input
pattern vector.

Next, a weighted standard pattern vector Hg having hgj,
(G,=1, 2, ..., m,) in the equation 83 as an element and a
weighted input pattern vector Ng having ngj, (,=1,
2, ..., m,) in the equation 83 as an element are created.
These weighted standard pattern vector Hg and weighted
input pattern vector Ng are expressed as in the following
equation 85 instead of the equation 14.

[Equation 85]

Hg=(hgl,hg2, . .., hgi;, . . ., hgm,)

Ng=(ngl,nng2, ..., ngi;, ..., ngm,) (85)

Moreover, the equation 83 is assigned to the equation 82
to obtain the following equation 86 instead of the equation
15. From the equation 86, it is understood that the shape
variation Dj, is obtained by subtracting the element value
hgj, of the weighted standard pattern vector Hg from the
element value ngj, of the weighted input pattern vector Ng.

[Equation 86]
Dj,=ngh, -hgj,

In the prior art (the gazette of Japanese Patent Laid-Open
No. Hei 10(1998)-253444 (Japanese Patent Application No.
Hei 9(1997)-61007)), the square root of the square sum of
the m, pieces of shape variations Dj, calculated by the
equation 86 is defined as the value of the geometric distance.
Accordingly, a geometric distance value d; can be calculated
by the following equation 87 instead of the equation 16.
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[Equation 87] (87)

my
de= | % (Dj)P
J1=t
my
= | 3 (g, —hgir?
J1=1

Moreover, in the prior art (the gazette of Japanese Patent
Laid-Open No. Hei 10(1998)-253444 (Japanese Patent
Application No. Hei 9(1997)-61007)), the square sum of the
m, pieces of shape variations Dj, calculated by the equation
86 is defined as the value of the geometric distance as it is.
Accordingly, the geometric distance value d can also be
calculated by the following equation 88 instead of the
equation 17.

[Equation 88] (38)

m
dg =Y (D;)*
J1=1

my
= Z (ngj; - hgjl)z
J1=1

Meanwhile, in the equation 83, the element value hi; of
the standard pattern vector and the element value ni,; of the
input pattern vector are substituted into the element value
hoi, of the original standard pattern vector and the element
value noi, of the original input pattern vector, respectively.
Then, as shown in the following equation 89 instead of the
equation 18, the product-sum value of the change rate gj,i,
of kurtosis in the reference pattern vector and the element
value hoi, of the original standard pattern vector is defined
as hogj,, and the product-sum value of the same change rate
gj,1, and the element value noi, of the original input pattern
vector is defined as nogj; .

[Equation 89] (89)
my
hogiy = ) giyio-hoiy
i=1
my
nogjy = Y ghio-noir (j1=1,2,3, ..., mp)
i=1
Next, an original and weighted standard pattern vector
Hog having hogj, (;=1, 2, . . ., m,) in the equation 89 as
an element and an original and weighted input pattern vector
Nog having nogj, (j;=1, 2, . . ., m,) in the equation 89 as

an element are created. These original and weighted stan-
dard pattern vector Hog and original and weighted input
pattern vector Nog are expressed as in the following equa-
tion 90 instead of the equation 19.
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[Equation 90]
Hog=(hogl,hog2, . . ., hogi,, . . . , hogm,)
Nog=(nogl,nog2, . .., nogiy, . .., nogm;) (90)

Here, in the case where the original standard pattern
vector Ho and the original input pattern vector No, which are
shown in the equation 73, are normalized by the entire
energy of the power spectrum by use of the equation 74, and
thus the standard pattern vector H and the input pattern
vector N, which are shown in the equation 76, are created,
then the following equation 91 is established instead of the
equation 20.

[Equation 91] 1
hoi

hiy = MIO“
2, hoj,
J1=1

. noiy .

niy = o (i1=1,2,3,....m)

2 noj,

J1=1

Moreover, in the case where the original standard pattern
vector Ho and the original input pattern vector No, which are
shown in the equation 73, are normalized by the maximum
value of the power spectrum by use of the equation 75, and
thus the standard pattern vector H and the input pattern
vector N, which are shown in the equation 76, are created,
then the following equation 92 is established instead of the
equation 21.

[Equation 92] 92)
[ hoi
= max{hof, }
noi
nip = ———— (i1 =1,2,3, ...,my)
max{roj, }

Values of denominators in the right sides in the equation
91 are the entire energies of the power spectra of the
standard voice and the input voice, respectively, which are
constants. Moreover, values of denominators in the right
sides in the equation 92 are the maximum values of the
power spectra of the standard voice and the input voice,
respectively, which are also constants. Accordingly, Ch and
Cn are defined as constants, and the equation 91 and the
equation 92 are integrated and represented as in the follow-
ing equation 93 instead of the equation 22.

hi,=joi,/Ch

ni,=noi,/Cn

The equation 93 is substituted into the equation 83, then
the equation 89 is used, and thus the following equation 94
is obtained instead of the equation 23.
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[Equation 94] 94)
m
hgjy = " &rio- (hoir /Ch)
=1
= hogj, [ Ch
mny
hgjy = " &iyio- (nois /Cw)
=1
=nogj, /Cn (i =12,3,...,m)
From the equation 94, with regard to (j,=1, 2, ..., m,),

it is understood that the element value hgj, of the weighted
standard pattern vector is obtained by dividing the element
value hogj, of the original and weighted standard pattern
vector by the constant Ch, and that the element value ngj, of
the weighted input pattern vector is obtained by dividing the
element value nogj, of the original and weighted input
pattern vector by the constant Cn.

FIG. 20 is a schematic diagram showing the relationships
of the equation 94. Here, FIG. 20 is read to show arrows
directed from the origin O to the point of the weighted
standard pattern vector Hg, the point of the weighted input
pattern vector Ng, the point of the original and weighted
standard pattern vector Hog, and the point of the original and
weighted input pattern vector Nog, respectively, in an m,
dimension pattern space. In FIG. 20, a state is shown, where
the origin O, the point of the weighted standard pattern
vector Hg and the point of the original and weighted
standard pattern vector Hog are arrayed on one straight line,
and the origin O, the point of the weighted input pattern
vector Ng and the point of the original and weighted input
pattern vector Nog are arrayed on the other straight line,
based on the relationships of the equation 94.

Moreover, from the equation 87, it is understood that the
geometric distance d can be calculated by carrying out the
conventional calculation for the Fuclid distance by use of
the element value hgj, of the weighted standard pattern
vector and the element value ngj, of the weighted input
pattern vector. In this connection, FIG. 20 shows that the
geometric distance d; becomes a Euclid distance between
the point of the weighted standard pattern vector Hg and the
point of the weighted input pattern vector Ng.

Meanwhile, in the case where judgment cannot be made
as to which of the method for normalizing the power
spectrum pattern of the voice by the maximum value of the
power spectrum or the method for normalizing the power
spectrum pattern thereof by the entire energy of the power
spectrum is to be used for processing the input voice, then,
the geometric distance value d shown in the equation 87
will not be usable.

In this connection, with regard to the original and
weighted standard pattern vector and the original and
weighted input pattern vector, which are created without
normalizing the power spectrum pattern of the voice, it is
convenient if an angle between these two original and
weighted pattern vectors, that is, an angle between the
straight line OHog and the straight line ONog, can be used
as a similarity scale in FIG. 20. Accordingly, the value of the
geometric distance d, can be calculated as a cosine of the
angle between the original and weighted standard pattern
vector Hog and the original and weighted input pattern
vector Nog by the following equation 95 instead of the
equation 24. In the equation 95, the geometric distance value
d, is set in a range: -1=d,=+1. Moreover, when the shape



US 7,194,133 B2

127

of the original standard pattern vector Ho and the shape of
the original input pattern vector No are similar to each other,
accordingly, when the shape of the original and weighted
standard pattern vector Hog and the shape of the original and
weighted input pattern vector Nog are similar to each other,
then the value of the angle between these two original and
weighted pattern vectors is reduced, and therefore, the
geometric distance value d ; becomes a value approximate to
+1.

[Equation 95] 95)

m

Z nogj, - hogj,

J1=1
my my

\/ 3 (nogi)? \/ T (hogiy?
J1=t J1=t

The above description for the first subject of the present
invention will be summarized as below. As shown in the
equation 87 and FIG. 20, the geometric distance d between
the standard pattern vector H and the input pattern vector N
can be calculated as the Euclid distance between the
weighted standard pattern vector Hg and the weighted input
pattern vector Ng. Meanwhile, as shown in the equation 95
and FIG. 20, the geometric distance d , between the original
standard pattern vector Ho and the original input pattern
vector No can be calculated as the cosine of the angle
between the original and weighted standard pattern vector
Hog and the original and weighted input pattern vector Nog.
Note that, as being understood from FIG. 20, the value of the
angle between the original and weighted standard pattern
vector Hog and the original and weighted input pattern
vector Nog is equal to the value of the angle between the
weighted standard pattern vector Hg and the weighted input
pattern vector Ng, and therefore, the geometric distance d
may be calculated as the cosine of the angle between the
weighted standard pattern vector Hg and the weighted input
pattern vector Ng.

As above, description has been made for the solving
means for the first subject of the present invention. Next,
description will be made for the solving means for the
second subject of the present invention.

In the voice recognition, since voices having a power
spectrum pattern varied for each uttering appear even in the
same voice, a method is usually adopted, in which a large
number of human beings utter the same voice repeatedly,
and a plurality of standard voices are registered for each
voice. In this embodiment, the same voices registered as
described above are defined as standard voices in the same
category, and voices different from these are defined as
standard voices in a different category.

Here, if the distance between the standard voices in the
same category is shortened, and simultaneously, the distance
between the standard voices in the different categories is
elongated, then, as a result, separation of the standard voice
in the same category and the standard voice in the different
category is improved, and thus recognition performance
when an input voice is given is improved.

However, in the equation 69, the square of the ratio value
obtained by dividing the maximum value Alj, of the length
between the specified element and each element of the
pattern vector by the constant of 1.4 is defined as the value
of variance of the normal distribution. Moreover, in the
equation 71, the entire element numbers of the positive
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reference pattern vector and the negative reference pattern
vector are weighted by the constant of 1. Then, with regard
to the i,-th element (i,=1, 2, . . ., m,) of the pattern vector,
the absolute value Ini;—hi;| of the variation between the
element value hi, of the standard pattern vector and the
element value ni, of the input pattern vector is substituted
into the increasing quantity of the positive reference pattern
vector or the negative reference pattern vector as it is
irrespective of the element number of the reference pattern
vector.

Specifically, in the method of the related art, the reference
pattern vector is created by use of the normal distribution
having a fixed value of variance, and the reference pattern
vector is increased by use of the increasing means having a
fixed value of weight. Therefore, the separation of the
standard voice in the same category and the standard voice
in the different category is fixed, and thus the recognition
performance when the input voice is given cannot be
improved.

In order to solve the above-described problem, in the
present invention, instead of the fixed method of the related
art, the reference pattern vector is created by use of the
normal distribution having a variable value of variance, and
the reference pattern vector is increased by use of the
increasing means having a variable value of weight.

In this case, the creation of the reference pattern vector by
use of the normal distribution having the variable value of
variance and the simultaneous increase of the reference
pattern vector by use of the increasing means having the
variable value of weight are equivalent to the expansion and
contraction of the weighting curve created based on the
change rate of the kurtosis of the normal curve in the
direction parallel to the u-axis and the simultaneous change
of the weighting curve in the direction perpendicular to the
u-axis. Therefore, the former one and the latter one can
obtain the same effect. Here, the latter one that is simpler in
calculation processing as compared with the former one will
be used. Moreover, the latter one results in a matter of
finding a weighting curve where the separation of the
standard voice in the same category and the standard voice
in the different category is improved most, that is, an optimal
weighting curve.

Here, with regard to the case of the latter one, the
expansion and contraction of the weighting curve in the
direction parallel to the u-axis for changing the range of the
weighting curve covering the entire frequency-normalized
segments and the expansion and contraction of the weight-
ing curve in the direction parallel to the u-axis as the center
of the weighting curve moves on the frequency-normalized
segments are matters of relative expansion and contraction
of the weighting curve and the u-axis. Accordingly, in the
actual calculation, instead of the expansion and contraction
of the weighting curve with respect to the u-axis, the
expansion and contraction of the u-axis with respect to the
weighting curve may be performed contrarily, both of which
are equivalent to each other.

Accordingly, next, with regard to the case of expanding
and contracting the u-axis with respect to the weighting
curve, description will be made for the method for obtaining
the length between the specified element and each element
of'the pattern vector to calculate the element number i, of the
weighting vector proximate to the position apart from the
center of the weighting vector by the above-described
length.

First, FIGS. 52A to 53C previously shown will be con-
sidered, applied to the one-dimensional frequency-normal-
ized segments. In the equation 69, the range of the normal
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curve: —1.40j,=u=+1.40 j, is made to cover the entire
frequency-normalized segments. On the contrary, here, 1.40
j; 1s substituted into the variable Cg, and the range of the
weighting curve: -Cg=u=+Cg is made to cover the entire
frequency-normalized segments. Then, as the value of the
variable Cg is changed, the u-axis is expanded and con-
tracted with respect to one weighting curve.

In this case, with regard to the expansion and contraction
of the u-axis, the length Ai,j, between the point j, and the
point i, is expanded and contracted in the same ratio as the
length A1j, between the point j, and the point 1 is expanded
and contracted. Therefore, the value of a ratio obtained by
dividing the length Ai,j, by the length A1j, always becomes
a constant value irrespective of the expansion and contrac-
tion of the u-axis. Accordingly, when a position on the
u-axis, which corresponds to the point i, is defined as u,, the
position u, can be calculated by the following equation 96
instead of the equation 34.

[Equation 96] (96)
for i1 =1,2,3, ...,my :
14——C><Ml—j1 (ji=1,2,3 my)
0= &g T, J1=1,24,5,...,m

Second, FIGS. 54A to 55B previously shown will be
considered, applied to the one-dimensional frequency-nor-
malized segments. Here, the u-axis is expanded and con-
tracted with respect to one weighting curve as the center of
the weighting curve is moved on the frequency-normalized
segments. In this case, the value of the variable Cg (or
variable Cg*) is the same irrespective of the movement of
the center of the weighting curve. Accordingly, the position
u, can be calculated by the equation 96.

From the above description, the following is understood
with regard to the case of expanding and contracting the
u-axis with respect to one weighting curve. Specifically, the
value of the variable Cg is previously set so that the range
of: -Cg=u=+Cg of the weighting curve can cover the entire
frequency-normalized segments. Subsequently, the length
M, j; between the specified element and each element of the
pattern vector and the maximum value A1j, of the length
between the specified element and each element are
obtained, and these lengths are assigned into the equation 96
to obtain the position u,. Thus, i, as the element number of
the weighting vector proximate to the above-described posi-
tion u, can be calculated. Moreover, according to the pro-
cessing method as described above, even if the m, pieces of
weighting vectors are not previously created with regard to
the respective cases corresponding to the j,-th elements
(G,=1, 2, ..., m,), only by creating one weighting vector,
calculation can be made for the m, pieces of element values
hgj, of the weighted standard pattern vector and the m,
pieces of element values ngj, of the weighted input pattern
vector (or the m,; pieces of element values hogj, of the
original and weighted standard pattern vector and the m,
pieces of element values nogj, of the original and weighted
input pattern vector).

Incidentally, the optimal weighting curve is related to the
power spectrum shapes of the entire registered standard
voices, and therefore, in the case where the registered
standard voices are different from each other, then the
optimal weighting curves will differ from each other.
Accordingly, it is necessary to find an optimal weighting
curve among weighting curves of arbitrary shapes.
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Accordingly, next, description will be made for a method
for obtaining an optimal weighting curve and an optimal
value of the variable Cg according to the optimal weighting
curve among the weighting curves of arbitrary shapes with
reference to FIGS. 56 to 59. Note that, in FIGS. 56 and 57,
the standard image is read as the standard voice, and in Step
Sc4 in FIG. 56, the equation 13 is read as the equation 84.
Moreover, in Step Sc5-3 in FIG. 57, the equation 4, the
equation 34, the equation 12, the equation 14 and the
equation 16 are read as the equation 76, the equation 96, the
equation 83, the equation 85 and the equation 87, respec-
tively. In this case, FIGS. 56 and 57 become flowcharts
showing processing procedures for calculating an optimal
weighting curve and an optimal value of the variable Cg
according to the optimal weighting curve with regard to the
case of using the geometric distance d as a similarity scale
between the standard voices.

Specifically, as shown in FIGS. 56 and 57, a weighting
curve is previously created based on the change rate of the
kurtosis of the normal curve having a value of variance of 1,
and the weighting curve is multiplied by positive values of
weight to create a plurality of weighting curves with weight.
Then, a weighting vector having a function value of one of
the weighting curves as an element is created. Next, calcu-
lation is made for a ratio values Rz(Cg) of mean values,
which are obtained by dividing the mean geometric distance
values between the standard voices in the same category by
the mean geometric distance values between the standard
voices in the different categories, while changing the value
of the variable Cg. Thus, the minimum value of the ratio
values R (Cg) of the mean values is obtained. This mini-
mum value is obtained repeatedly for the entire weighting
curves described above, and a weighting curve correspond-
ing to the minimum value among the minimum values of the
ratio values R(Cg) of the mean values is optimized, and a
value of the variable Cg corresponding to the optimized
weighting curve is defined as an optimal value of the
variable Cg according to the optimal weighting curve.

Moreover, the function value of the optimal weighting
curve obtained as described above is defined as a weighting
factor, and the weighting vector having the value of the
above-described weighting factor as an element is created.
Thus, the distance between the standard voices in the same
category can be shortened, and simultaneously the distance
between the standard voices in the different categories can
be elongated. As a result thereof, the separation of the
standard voice in the same category and the standard voice
in the different category is improved, and thus the recogni-
tion performance when an input voice is given is improved.

Meanwhile, in FIGS. 58 and 59, the standard image is
read as the standard voice, and in Step Sd4 in FIG. 58, the
equation 13 is read as the equation 84. Moreover, in Step
Sd5-3 in FIG. 59, the equation 1, the equation 34, the
equation 18, the equation 19 and the equation 24 are read as
the equation 73, the equation 96, the equation 89, the
equation 90 and the equation 95, respectively. In this case,
FIGS. 58 and 59 become flowcharts showing processing
procedures for calculating an optimal weighting curve and
an optimal value of the variable Cg according to the optimal
weighting curve with regard to the case of using the geo-
metric distance d , as a similarity scale between the standard
voices.

Specifically, as shown in FIGS. 58 and 59, a weighting
curve is previously created based on the change rate of the
kurtosis of the normal curve having a value of variance of 1,
and the weighting curve is multiplied by positive values of
weight to create a plurality of weighting curves with weight.
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Then, a weighting vector having a function value of one of
the weighting curves as an element is created. Next, calcu-
lation is made for a difference values R ,(Cg) of mean
values, which are obtained by subtracting the mean geomet-
ric distance values between the standard voices in the
different categories from the mean geometric distance values
between the standard voices in the same category, while
changing the value of the variable Cg. Thus, the maximum
value of the difference values R ,(Cg) of the mean values is
obtained. This maximum value is obtained repeatedly for the
entire weighting curves described above, and a weighting
curve corresponding to the maximum value among the
maximum values of the difference values R,(Cg) of the
mean values is optimized, and a value of the variable Cg
corresponding to the optimized weighting curve is defined as
an optimal value of the variable Cg according to the optimal
weighting curve.

Moreover, the function value of the optimal weighting
curve obtained as described above is defined as a weighting
factor, and the weighting vector having the value of the
above-described weighting factor as an element is created.
Thus, the distance between the standard voices in the same
category can be shortened, and simultaneously the distance
between the standard voices in the different categories can
be elongated. As a result thereof, the separation of the
standard voice in the same category and the standard voice
in the different category is improved, and thus the recogni-
tion performance when an input voice is given is improved.

Generally expressing the above-described matter, the
obtainment of the optimal weighting curve and the optimal
value of the variable Cg results in solving a question of
optimization for obtaining values of (m_+1) pieces of vari-
ables minimizing or maximizing an objective function when
the ratio value R;(Cg) of the mean values or the difference
value R ,(Cg) of the mean values is defined as the objective
function, and the element values gj,i, (i,=1,2, ..., m,) of
the weighting vector and the value of the variable Cg are
defined as the (m,+1) pieces of variables. With regard to the
question of optimization, in the field of the numerical
calculation method, numerical solutions such as the method
of steepest descent and the Newton’s method are proposed.
These numerical solutions change the values of the variables
in a direction where the objective function is rapidly
decreased or increased, thus the optimal value of the variable
is calculated by a small number of the calculation times.
Also in the present invention, by use of these numerical
solutions, it is made possible to calculate the optimal weight-
ing curve and the optimal value of the variable Cg efficiently.
Accordingly, instead of previously creating the weighting
curve with weight in Step Sc2 in FIG. 56 or in Step Sd2 in
FIG. 58, alteration may be made so as to create the weight-
ing curve with weight for each circulation of the loop in Step
Scd4 in FIG. 56 or in Step Sd4 in FIG. 58, where the
above-described numerical solutions may be utilized. Spe-
cifically, the count-th weighting curve with weight and the
count-th value of the variable Cg may be changed in the
direction where the ratio value R ;(Cg) of the mean values or
the difference value R ,(Cg) of the mean values is rapidly
decreased or increased to obtain the (count+1)-th weighting
curve with weight and the (count+1)-th value of the variable
Cg.

Moreover, for generally considering the above-described
matter, next, description will be made for a relationship
between the conventional FEuclid distance and the geometric
distance d according to the present invention. In this
embodiment, consideration is limitedly made for the case
where, when the weighting curve is changed in the direction
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perpendicular to the u-axis, the functional value of the
changed weighting curve when u=0 becomes positive, and
the changed weighting curve intersects the u-axis on two
points and becomes symmetric with respect to u=0 similarly
to the curve shown in FIG. 46B. Here, consideration will be
made for the case where the weighting curve particularly
becomes the Dirac’s delta function as a result of loosening
the above-described limitation and changing the weighting
curve in the direction perpendicular to the u-axis in the
geometric distance d. Specifically, in the weighting vector,
in the case where gj,i,=1 when i,=(m,+1)/2 and gj,i =0
when i,=(m,+1)/2, the equation 83 is established as:
hgj,=hj, and ngj,=nj, (G,=1, 2, . . ., m,). In this case, the
weighted standard pattern vector and the weighted input
pattern vector become the standard pattern vector and the
input pattern vector, respectively. Therefore, in the above
particular case, the geometric distance d shown in the
equation 87 becomes, equal to the conventional Fuclid
distance. Specifically, the geometric distance d is placed as
the one in which the conventional Euclid distance is
expanded and generalized.

Meanwhile, description will be made for a relationship
between the conventional cosine of the angle and the geo-
metric distance d ; according to the present invention. In this
embodiment, consideration is limitedly made for the case
where, when the weighting curve is changed in the direction
perpendicular to the u-axis, the functional value of the
changed weighting curve when u=0 becomes positive, and
the changed weighting curve intersects the u-axis on two
points and becomes symmetric with respect to u=0 similarly
to the curve shown in FIG. 46B. Here, consideration will be
made for the case where the weighting curve particularly
becomes the Dirac’s delta function as a result of loosening
the above-described limitation and changing the weighting
curve into the direction perpendicular to the u-axis in the
geometric distance d ;. Specifically, in the weighting vector,
in the case where gj,i,=1 when i,=(m,+1)/2 and gj,i =0
when i,=(m,+1)/2, the equation 89 is established as:
hogj,=hoj, and nogj,=noj, (j,=1, 2, . . ., m,). In this case,
the original and weighted standard pattern vector and the
original and weighted input pattern vector become equal to
the original standard pattern vector and the original input
pattern vector, respectively. Therefore, in the above particu-
lar case, the geometric distance d , shown in the equation 95
becomes equal to the conventional cosine of the angle.
Specifically, the geometric distance d, is placed as the one
in which the conventional cosine of the angle is expanded
and generalized.

Moreover, consideration will be made for the above-
described matter in comparison with the prior art. In the
calculation processing of the geometric distance dg, the
weighted standard pattern vector is created by the product-
sum operation of the element value of the weighting vector
and the element value of the standard pattern vector. Inde-
pendently of this creation, the weighted input pattern vector
is created by the product-sum operation of the element value
of the same weighting vector and the element value of the
input pattern vector. Then, by use of the weighted standard
pattern vector and the weighted input pattern vector, the
conventional calculation for the Euclid distance is carried
out. Here, in another expression of this calculation process-
ing, the standard pattern vector undergoes digital filter
processing by means of the weighting vector to create the
weighed standard pattern vector. Independently of this cre-
ation, the input pattern vector undergoes digital filter pro-
cessing by means of the same weighting vector to create the
weighted input pattern vector. Then, by use of the weighted
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standard pattern vector and the weighted input pattern
vector, the conventional calculation for the Euclid distance
is carried out. Accordingly, the calculation processing of the
geometric distance d, can be formally expressed as a com-
bination of the digital filter processing and the Euclid
distance. However, while the conventional digital filter and
Euclid distance are conceived as single and individual each,
in the calculation processing of the geometric distance d, as
shown in FIG. 56, the weighting vector is created so that the
ratio value R (Cg) of the mean values can be minimum.
Specifically, the calculation processing of the geometric
distance d can be said to be substantially a processing
method different from the prior art in which the digital filter
processing and the Euclid distance are closely related to
each other even if the calculation processing is formally the
combination thereof.

Meanwhile, in the calculation processing of the geometric
distance d,, the original and weighted standard pattern
vector is created by the product-sum operation of the ele-
ment value of the weighting vector and the element value of
the original standard pattern vector. Independently of this
creation, the original and weighted input pattern vector is
created by the product-sum operation of the element value of
the same weighting vector and the element value of the
original input pattern vector. Then, by use of the original and
weighted standard pattern vector and the original and
weighted input pattern vector, the conventional calculation
for the cosine of the angle is carried out. Here, in another
expression of this calculation processing, the original stan-
dard pattern vector undergoes digital filter processing by
means of the weighting vector to create the original and
weighted standard pattern vector. Independently thereof, the
original input pattern vector undergoes digital filter process-
ing by means of the same weighting vector to create the
original and weighted input pattern vector. Then, by use of
the original and weighted standard pattern vector and the
original and weighted input pattern vector, the conventional
calculation for the cosine of the angle is carried out. Accord-
ingly, the calculation processing of the geometric distance
d, can be formally expressed as a combination of the digital
filter processing and the cosine of the angle. However, while
the conventional digital filter and cosine of the angle are
conceived as single and individual each, in the calculation
processing of the geometric distance d, as shown in FIG.
58, the weighting vector is created so that the difference
value R ,(Cg) of the mean values can be maximum. Spe-
cifically, the calculation processing of the geometric dis-
tance d, can be said to be substantially a processing method
different from the prior art in which the digital filter pro-
cessing and the cosine of the angle are closely related to each
other even if the calculation processing is formally the
combination of both of them.

The above description for the second subject of the
present invention will be summarized as below. In the case
of using the geometric distance d as the similarity scale
between the respective standard voices, while changing the
weighting curve in the direction perpendicular to the u-axis
and the direction parallel to the u-axis, the ratio value of the
mean values is obtained by dividing the mean geometric
distance value between the standard voices in the same
category by the mean geometric distance value between the
standard voices in the different categories, and thus the
weighting curve minimizing the ratio value of the mean
values is calculated. Then, the function value of the above-
described weighting curve is defined as a weighting factor,
and the weighting vector having the value of the above-
described weighting factor as an element is created to
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calculate the geometric distance value. Thus, the distance
between the standard voices in the same category can be
shortened, and simultaneously the distance between the
standard voices in the different categories can be elongated.
As a result thereof, the separation of the standard voice in the
same category and the standard voice in the different cat-
egory is improved, and thus the recognition performance
when an input voice is given is improved.

Meanwhile, in the case of using the geometric distance d
as the similarity scale between the respective standard
voices, while changing the weighting curve in the direction
perpendicular to the u-axis and the direction parallel to the
u-axis, the difference value of the mean value is obtained by
subtracting the mean geometric distance value between the
standard voices in the different categories from the mean
geometric distance value between the standard voices in the
same category, and thus the weighting curve maximizing the
difference value of the mean values is calculated. Then, the
function value of the above-described weighting curve is
defined as a weighting factor, and the weighting vector
having the value of the above-described weighting factor as
an element is created to calculate the geometric distance
value. Thus, the distance between the standard voices in the
same category can be shortened, and simultaneously the
distance between the standard voices in the different cat-
egories can be elongated. As a result thereof, the separation
of the standard voice in the same category and the standard
voice in the different category is improved, and thus the
recognition performance when an input voice is given is
improved.

The voice recognition is carried out by use of the geo-
metric distance value d; between the standard pattern vector
and the input pattern vector or the geometric distance value
d, between the original standard pattern vector and the
original input pattern vector, each of which is calculated as
described above.

Concretely, when the original standard pattern vector
having the feature quantity of the standard voice as an
element and the original input pattern vector having the
feature quantity of the input voice as an element are created,
in the case where the method for normalizing the power
spectrum pattern of the voice is previously instructed, the
power spectrum patterns of the voice are normalized by the
instructed method to create the standard pattern vector and
the input pattern vector. Moreover, the weighting vector
having the value of the change rate of the kurtosis in the
reference pattern vector as an element is created. Then, the
weighted standard pattern vector is created by the product-
sum operation of the element value of the weighting vector
and the element value of the standard pattern vector. And
independently of this creation, the weighted input pattern
vector is created by the product-sum operation of the ele-
ment value of the same weighting vector and the element
value of the input pattern vector. Next, the conventional
calculation for the Euclid distance is carried out by use of
these weighted standard pattern vector and weighted input
pattern vector, and thus the geometric distance value
between the standard pattern vector and the input pattern
vector is calculated.

Furthermore, instead of the above-described weighting
vector, the ratio value of the mean values is obtained by
dividing the mean geometric distance value between the
standard voices in the same category by the mean geometric
distance value between the standard voices in the different
categories, and the weighting vector having the value of the
weighting factor minimizing the above ratio value of the
mean values as an element is created. By use of this
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weighting vector, the geometric distance value between the
standard pattern vector and the input pattern vector can be
calculated.

The geometric distance value thus obtained is compared
with an arbitrarily set allowed value. When the geometric
distance value is larger than the allowed value, the input
voice is judged not to be the standard voice. When the
geometric distance value is equal to/smaller than the allowed
value, the input voice is judged to be the standard voice.

Meanwhile, when the original standard pattern vector
having the feature quantity of the standard voice as an
element and the original input pattern vector having the
feature quantity of the input voice as an element are created,
in the case where the method for normalizing the power
spectrum pattern of the voice is not previously instructed,
the power spectrum pattern of the voice is not normalized,
and the original standard pattern vector and the original
input pattern vector are used as they are. Moreover, the
weighting vector having the value of the change rate of the
kurtosis in the reference pattern vector as an element is
created. Then, the original and weighted standard pattern
vector is created by the product-sum operation of the ele-
ment value of the weighting vector and the element value of
the original standard pattern vector. And independently of
this creation, the original and weighted input pattern vector
is created by the product-sum operation of the element value
of the same weighting vector and the element value of the
original input pattern vector. Next, the conventional calcu-
lation for the cosine of the angle is carried out by use of these
original and weighted standard pattern vector and original
and weighted input pattern vector, and thus the geometric
distance value between the original standard pattern vector
and the original input pattern vector is calculated.

Furthermore, instead of the above-described weighting
vector, the difference value of the mean values is obtained by
subtracting the mean geometric distance value between the
standard voices in the different categories from the mean
geometric distance value between the standard voices in the
same category, and the weighting vector having the value of
the weighting factor maximizing the above difference value
of the mean values as an element is created. By use of this
weighting vector, the geometric distance value between the
original standard pattern vector and the original input pattern
vector can be calculated.

The geometric distance value thus obtained is compared
with an arbitrarily set allowed value. When the geometric
distance value is smaller than the allowed value, the input
voice is judged not to be the standard voice. When the
geometric distance value is equal to/larger than the allowed
value, the input voice is judged to be the standard voice.

Embodiment (VII): Method for Judging
Abnormality in Machine (One-Dimension)

Next, description will be made for the method for judging
an abnormality in a machine by use of a detected value of a
similarity between two pattern vectors (or original pattern
vectors). In this embodiment, in order to judge an abnor-
mality in a machine, a power spectrum pattern of the
oscillation waves is normalized by the entire energy of the
power spectrum or the maximum value of the power spec-
trum, and thus a standard pattern vector and an input pattern
vector are created. Moreover, a weighting vector having a
value of a change rate of kurtosis in a reference pattern
vector as an element is created. Then, an element value of
the weighting vector and an element value of the standard
pattern vector are subjected to a product-sum operation, and
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thus a weighted standard pattern vector is created. Indepen-
dently thereof, the element value of the same weighting
vector and an element value of the input pattern vector are
subjected to the product-sum operation, and thus a weighted
input pattern vector is created. Subsequently, a conventional
calculation for the Euclid distance is carried out by use of
these weighted standard pattern vector and weighted input
pattern vector, and thus the similarity of the oscillation
waves is detected.

Meanwhile, an original standard pattern vector and an
original input pattern vector are created without normalizing
the power spectrum pattern of the oscillation wave. Then,
the element value of the weighting vector and an element
value of the original standard pattern vector are subjected to
the product-sum operation, and thus an original and
weighted standard pattern vector is created. Independently
thereof, the element value of the same weighting vector and
an element value of the original input pattern vector are
subjected to the product-sum operation, and thus an original
and weighted input pattern vector is created. Subsequently,
a conventional calculation for the cosine of the angle is
carried out by use of these original and weighted standard
pattern vector and original and weighted input pattern vec-
tor, and thus the similarity of the oscillation waves is
detected.

Furthermore, the element value of the weighting vector is
adjusted so that a distance between standard pattern vectors
(or between original standard pattern vectors) in the same
category can be shortened, and that a distance between
standard pattern vectors (or between original standard pat-
tern vectors) in different categories can be elongated simul-
taneously. Then, the similarity of the oscillation waves is
detected by use of the weighting vector having been
adjusted, and by use of a detected value thereof, the abnor-
mality in a machine is judged.

The prior art (the gazette of Japanese Patent Laid-Open
No. Hei 10(1998)-253444 (Japanese Patent Application No.
Hei 9(1997)-61007)) shows a method for calculating a
power spectrum Pi, (i,=1, 2, ..., m,) in an i,-th frequency
band by the equation 72 in order to extract a feature of a
frequency distribution of the oscillation wave.

Accordingly, next, an original standard pattern vector Ho
having a power spectrum Pi, (i,=1, 2, ..., m,) of a standard
oscillation wave as an element and an original input pattern
vector No having a power spectrum Pi, (i,=1,2,...,m,)
of'an input oscillation wave as an element are created. These
original standard pattern vector Ho and original input pattern
vector No are expressed as in the equation 73. Note that the
equation 73 is read to express the shapes of the power
spectra of the standard oscillation wave and the input
oscillation wave by the m, pieces of element values of the
original pattern vector.

Incidentally, in the abnormality judgment in a machine,
even in the same machine, oscillation waves different for
each operation mode are measured, and even in the same
operation mode, oscillation waves having power spectrum
patterns varied for each measurement appear. Therefore, a
method is usually adopted, in which oscillation waves in the
same operation mode are measured repeatedly, and a plu-
rality of standard oscillation waves are registered for each
operation mode. In this embodiment, the oscillation waves
in the same operation mode, which are registered as
described above, are defined as standard oscillation waves in
the same category, and oscillation waves in an operation
mode different from that are defined as standard oscillation
waves in a different category.
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Then, the similarity detection procedure for the voices,
which is described above, is applied to the original standard
pattern vector Ho and the original input pattern vector No for
the oscillation wave, which are created in the above, and
thus the abnormality in a machine is judged.

Concretely, when the original standard pattern vector
having the feature quantity of the standard oscillation wave
as an element and the original input pattern vector having the
feature quantity of the input oscillation wave as an element
are created, in the case where the method for normalizing the
power spectrum pattern of the oscillation wave is previously
instructed, the power spectrum pattern of the oscillation
wave is normalized by the instructed method to create the
standard pattern vector and the input pattern vector. More-
over, the weighting vector having the value of the change
rate of the kurtosis of the reference pattern vector as an
element is created. Then, the weighted standard pattern
vector is created by the product-sum operation of the ele-
ment value of the weighting vector and the element value of
the standard pattern vector. Independently thereof, the
weighted input pattern vector is created by the product-sum
operation of the element value of the same weighting vector
and the element value of the input pattern vector. Next, the
conventional calculation for the Euclid distance is carried
out by use of these weighted standard pattern vector and
weighted input pattern vector, and thus the geometric dis-
tance value between the standard pattern vector and the
input pattern vector is calculated.

Furthermore, instead of the above-described weighting
vector, the ratio value of the mean values is obtained by
dividing the mean geometric distance value between the
standard oscillation waves in the same category by the mean
geometric distance value between the standard oscillation
waves in the different categories, and the weighting vector
having the value of the weighting factor minimizing the
above ratio value of the mean values as an element is
created. By use of this weighting vector, the geometric
distance value between the standard pattern vector and the
input pattern vector can be calculated.

The geometric distance value thus obtained is compared
with an arbitrarily set allowed value. When the geometric
distance value is larger than the allowed value, the machine
is judged to be abnormal. When the geometric distance value
is equal to/smaller than the allowed value, the machine is
judged to be normal.

Meanwhile, when the original standard pattern vector
having the feature quantity of the standard oscillation wave
as an element and the original input pattern vector having the
feature quantity of the input oscillation wave as an element
are created, in the case where the method for normalizing the
power spectrum pattern of the oscillation wave is not
previously instructed, the power spectrum pattern of the
oscillation wave is not normalized, and the original standard
pattern vector and the original input pattern vector are used
as they are. Moreover, the weighting vector having the value
of the change rate of the kurtosis in the reference pattern
vector as an element is created. Then, the original and
weighted standard pattern vector is created by the product-
sum operation of the element value of the weighting vector
and the element value of the original standard pattern vector.
Independently of this creation, the original and weighted
input pattern vector is created by the product-sum operation
of the element value of the same weighting vector and the
element value of the original input pattern vector. Next, the
conventional calculation for the cosine of the angle is carried
out by use of these original and weighted standard pattern
vector and original and weighted input pattern vector, and
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thus the geometric distance value between the original
standard pattern vector and the original input pattern vector
is calculated.

Furthermore, instead of the above-described weighting
vector, the difference value of the mean values is obtained by
subtracting the mean geometric distance value between the
standard oscillation waves in the different categories from
the mean geometric distance value between the standard
oscillation waves in the same category, and the weighting
vector having the value of the weighting factor maximizing
the above difference value of the mean values as an element
is created. By use of this weighting vector, the geometric
distance value between the original standard pattern vector
and the original input pattern vector can be calculated.

The geometric distance value thus obtained is compared
with an arbitrarily set allowed value. When the geometric
distance value is smaller than the allowed value, the machine
is judged to be abnormal. When the geometric distance value
is equal to/larger than the allowed value, the machine is
judged to be normal.

Up to the above, description is terminated for the respec-
tive methods: the method for recognizing an image, the
method for recognizing a voice, and the method for judging
an abnormality in a machine, all of which use a detected
value of a similarity between two pattern matrices (or
original pattern matrices); the method for recognizing a
moving image, and the method for recognizing a solid,
which use a detected value of a similarity between two
pattern matrix layers (or original pattern matrix layers); and
the method for recognizing a voice, and the method for
judging an abnormality in a machine, which use a detected
value of a similarity between two pattern vectors (or original
pattern vectors).

Note that, in each of the above embodiments, the refer-
ence pattern vector is created by use of the normal distri-
bution as a reference shape, and the weighting vector having
the value of the change rate of the kurtosis in the reference
pattern vector as an element is created. However, the refer-
ence pattern vector may be created by use of an arbitrary
shape such as a rectangle as a reference shape, and the
weighting vector having the value of the change rate of the
kurtosis of the reference pattern vector as an element may be
created.

The above matter can be understood for the reasons
below. Specifically, in each B of FIGS. 5 to 7, each of the
graphs denoted by the codes (i) to (iii) is approximately
equal to a straight line. Moreover, in FIGS. 11B, 12B and
13B, gradients of the graphs denoted by the codes (vii), (viii)
and (ix) are approximately equal to gradients of the graphs
denoted by the codes (i), (i1) and (iii), respectively. There-
fore, it is understood that the change rate gj,j,i, (Or gj,j-js1,,
or gj,1,) of the kurtosis in the reference pattern vector, which
is calculated based on the gradient of each graph, is not
affected by the initial shape of the reference pattern vector.

Moreover, in each of the above embodiments, as elements
of the original standard pattern matrix and the original input
pattern matrix (or the original standard pattern matrix layer
and the original input pattern matrix layer, or the original
standard pattern vector and the original input pattern vector),
the feature quantity as it is the measurement value is used to
calculate the geometric distance value. However, as the
elements of the original standard pattern matrix and the
original input pattern matrix (or the original standard pattern
matrix layer and the original input pattern matrix layer, or
the original standard pattern vector and the original input
pattern vector), a feature quantity generated by performing
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avariety of preprocessing for the measurement value may be
used to calculate the geometric distance value.

In this case, as preprocessing, the measurement value may
undergo noise removal, expansion, contraction, rotation,
translation and the like according to needs. Moreover, a
feature quantity obtained by subtracting a mean value of the
entire measurement values from each measurement value is
created, and thus the mean value of the original standard
pattern matrix (or the original standard pattern matrix layer,
or the original standard pattern vector) and the mean value
of the original input pattern matrix (or the original input
pattern matrix layer, or the original input pattern vector) may
be set equal to 0.

Moreover, in each of the above embodiments, for an
image, a voice, an oscillation wave, a moving image and a
solid, the geometric distance value between the standard
pattern matrix and the input pattern matrix (or the standard
pattern matrix layer and the input pattern matrix layer, or the
standard pattern vector and the input pattern vector) is
calculated. Meanwhile, the geometric distance value
between the original standard pattern matrix and the original
input pattern matrix (or the original standard pattern matrix
layer and the original input pattern matrix layer, or the
original standard pattern vector and the original input pattern
vector) is calculated. However, in general, for arbitrary
figure and pattern irrespective of a plane, a space and a
segment, the geometric distance value between the standard
pattern matrix and the input pattern matrix (or the standard
pattern matrix layer and the input pattern matrix layer, or the
standard pattern vector and the input pattern vector) is
calculated. Meanwhile, the geometric distance value
between the original standard pattern matrix and the original
input pattern matrix (or the original standard pattern matrix
layer and the original input pattern matrix layer, or the
original standard pattern vector and the original input pattern
vector) is calculated. Then, by means of the obtained geo-
metric distance value, the similarity of the figures or the
patterns can be detected. Moreover, based on the detected
value of the similarity, a variety of processing can be carried
out, such as an analysis regarding the figure or the pattern.

As described above, in the method for detecting a simi-
larity between images of the present invention, the shape
change between the standard pattern matrix and the input
pattern matrix is numerically evaluated as the Euclid dis-
tance between the weighted standard pattern matrix and the
weighted input pattern matrix to be calculated as the geo-
metric distance value. Meanwhile, the shape change
between the original standard pattern matrix and the original
input pattern matrix is numerically evaluated as the cosine of
the angle between the original and weighted standard pattern
matrix and the original and weighted input pattern matrix to
be calculated as the geometric distance value. Therefore, no
matter whether the density pattern of the image is normal-
ized or not, the geometric distance value can be calculated
from a shape difference between the pattern matrices or the
original pattern matrices, and thus an accurate detected value
of'the similarity of the images can be obtained. Furthermore,
since the optimal weighting vector is created to calculate the
geometric distance value, the separation of the standard
image in the same category and the standard image in the
different category is improved, and thus the accurate
detected value of the similarity of the images can be
obtained.

Moreover, in the method for recognizing an image of the
present invention, since the image is recognized based on the
accurate detected value of the similarity of the images, there
is an advantage in that a judgment criterion becomes highly
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reliable to make it possible to improve the precision of the
image recognition significantly.

Next, in the method for detecting a similarity between
voices of the present invention, the shape change between
the standard pattern matrix and the input pattern matrix is
numerically evaluated as the Euclid distance between the
weighted standard pattern matrix and the weighted input
pattern matrix to be calculated as the geometric distance
value. Meanwhile, the shape change between the original
standard pattern matrix and the original input pattern matrix
is numerically evaluated as the cosine of the angle between
the original and weighted standard pattern matrix and the
original and weighted input pattern matrix to be calculated
as the geometric distance value. Therefore, no matter
whether the power spectrum pattern of the voice is normal-
ized or not, the geometric distance value can be calculated
from a shape difference between the pattern matrices or the
original pattern matrices, and thus an accurate detected value
of the similarity of the voices can be obtained. Furthermore,
since the optimal weighting vector is created to calculate the
geometric distance value, the separation of the standard
voice in the same category and the standard voice in the
different category is improved, and thus the accurate
detected value of the similarity of the voices can be
obtained.

Moreover, in the method for recognizing a voice of the
present invention, since the voice is recognized based on the
accurate detected value of the similarity of the voices, there
is an advantage in that a judgment criterion becomes highly
reliable to make it possible to improve the precision of the
voice recognition significantly.

Next, in the method for detecting a similarity between
oscillation waves of the present invention, the shape change
between the standard pattern matrix and the input pattern
matrix is numerically evaluated as the Euclid distance
between the weighted standard pattern matrix and the
weighted input pattern matrix to be calculated as the geo-
metric distance value. Meanwhile, the shape change
between the original standard pattern matrix and the original
input pattern matrix is numerically evaluated as the cosine of
the angle between the original and weighted standard pattern
matrix and the original and weighted input pattern matrix to
be calculated as the geometric distance value. Therefore, no
matter whether the power spectrum pattern of the oscillation
wave is normalized or not, the geometric distance value can
be calculated from a shape difference between the pattern
matrices or the original pattern matrices, and thus an accu-
rate detected value of the similarity of the oscillation waves
can be obtained. Furthermore, since the optimal weighting
vector is created to calculate the geometric distance value,
the separation of the standard oscillation wave in the same
category and the standard oscillation wave in the different
category is improved, and thus the accurate detected value
of the similarity of the oscillation waves can be obtained.

Moreover, in the method for judging an abnormality in a
machine of the present invention, since the abnormality is
judged based on the accurate detected value of the similarity
of the oscillation waves, there is an advantage in that a
judgment criterion becomes highly reliable to make it pos-
sible to improve the precision of detecting the abnormality
in the machine significantly.

Next, in the method for detecting a similarity between
moving images of the present invention, the shape change
between the standard pattern matrix layer and the input
pattern matrix layer is numerically evaluated as the Euclid
distance between the weighted standard pattern matrix layer
and the weighted input pattern matrix layer to be calculated
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as the geometric distance value. Meanwhile, the shape
change between the original standard pattern matrix layer
and the original input pattern matrix layer is numerically
evaluated as the cosine of the angle between the original and
weighted standard pattern matrix layer and the original and
weighted input pattern matrix layer to be calculated as the
geometric distance value. Therefore, no matter whether the
density pattern of the moving image is normalized or not, the
geometric distance value can be calculated from a shape
difference between the pattern matrix layers or the original
pattern matrix layers, and thus an accurate detected value of
the similarity of the moving images can be obtained. Fur-
thermore, since the optimal weighting vector is created to
calculate the geometric distance value, the separation of the
standard moving image in the same category and the stan-
dard moving image in the different category is improved,
and thus the accurate detected value of the similarity of the
moving images can be obtained.

Moreover, in the method for recognizing a moving image
of the present invention, since the moving image is recog-
nized based on the accurate detected value of the similarity
of the moving images, there is an advantage in that a
judgment criterion becomes highly reliable to make it pos-
sible to improve the precision of the moving image recog-
nition significantly.

Next, in the method for detecting a similarity between
solids of the present invention, the shape change between the
standard pattern matrix layer and the input pattern matrix
layer is numerically evaluated as the Euclid distance
between the weighted standard pattern matrix layer and the
weighted input pattern matrix layer to be calculated as the
geometric distance value. Meanwhile, the shape change
between the original standard pattern matrix layer and the
original input pattern matrix layer is numerically evaluated
as the cosine of the angle between the original and weighted
standard pattern matrix layer and the original and weighted
input pattern matrix layer to be calculated as the geometric
distance value. Therefore, no matter whether the density
pattern of the solid is normalized or not, the geometric
distance value can be calculated from a shape difference
between the pattern matrix layers or the original pattern
matrix layers, and thus an accurate detected value of the
similarity of the solids can be obtained. Furthermore, since
the optimal weighting vector is created to calculate the
geometric distance value, the separation of the standard
solid in the same category and the standard solid in the
different category is improved, and thus the accurate
detected value of the similarity of the solids can be obtained.

Moreover, in the method for recognizing a solid of the
present invention, since the solid is recognized based on the
accurate detected value of the similarity of the solids, there
is an advantage in that a judgment criterion becomes highly
reliable to make it possible to improve the precision of the
solid recognition significantly.

Next, in the method for detecting a similarity between
voices of the present invention, the shape change between
the standard pattern vector and the input pattern vector is
numerically evaluated as the Euclid distance between the
weighted standard pattern vector and the weighted input
pattern vector to be calculated as the geometric distance
value. Meanwhile, the shape change between the original
standard pattern vector and the original input pattern vector
is numerically evaluated as the cosine of the angle between
the original and weighted standard pattern vector and the
original and weighted input pattern vector to be calculated as
the geometric distance value. Therefore, no matter whether
the power spectrum pattern of the voice is normalized or not,
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the geometric distance value can be calculated from a shape
difference between the pattern vectors or the original pattern
vectors, and thus an accurate detected value of the similarity
of the voices can be obtained. Furthermore, since the opti-
mal weighting vector is created to calculate the geometric
distance value, the separation of the standard voice in the
same category and the standard voice in the different cat-
egory is improved, and thus the accurate detected value of
the similarity of the voices can be obtained.

Moreover, in the method for recognizing a voice of the
present invention, since the voice is recognized based on the
accurate detected value of the similarity of the voices, there
is an advantage in that a judgment criterion becomes highly
reliable to make it possible to improve the precision of the
voice recognition significantly.

Next, in the method for detecting a similarity between
oscillation waves of the present invention, the shape change
between the standard pattern vector and the input pattern
vector is numerically evaluated as the Fuclid distance
between the weighted standard pattern vector and the
weighted input pattern vector to be calculated as the geo-
metric distance value. Meanwhile, the shape change
between the original standard pattern vector and the original
input pattern vector is numerically evaluated as the cosine of
the angle between the original and weighted standard pattern
vector and the original and weighted input pattern vector to
be calculated as the geometric distance value. Therefore, no
matter whether the power spectrum pattern of the oscillation
wave is normalized or not, the geometric distance value can
be calculated from a shape difference between the pattern
vectors or the original pattern vectors, and thus an accurate
detected value of the similarity of the oscillation waves can
be obtained. Furthermore, since the optimal weighting vec-
tor is created to calculate the geometric distance value, the
separation of the standard oscillation wave in the same
category and the standard oscillation wave in the different
category is improved, and thus the accurate detected value
of the similarity of the oscillation waves can be obtained.

Moreover, in the method for judging an abnormality in a
machine of the present invention, since the abnormality is
judged based on the accurate detected value of the similarity
of the oscillation waves, there is an advantage in that a
judgment criterion becomes highly reliable to make it pos-
sible to improve the precision of detecting the abnormality
in the machine significantly.

What is claimed is:

1. A method for detecting a similarity between images,
comprising the steps of:

(a) creating a standard pattern matrix having a feature
quantity of a standard image as an element and an input
pattern matrix having a feature quantity of an input
image as an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having
a different value of

variance for each specified element of the pattern matrices,
creating a reference pattern vector having a value of the
reference shape as an element, and creating a weighting
vector having a value of a change rate of a kurtosis of the
reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the standard pattern matrix to calculate
a weighting vector element number proximate to a
position apart from a center of the weighting vector by
the length, and obtaining a value of a product of an
element value of the element number of the weighting
vector and an element value of each element of the
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standard pattern matrix to calculate a product-sum
value obtained by adding the value of the product to
each element of the standard pattern matrix;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the standard pattern matrix to a position of each
element thereof, and creating a weighted standard pat-
tern matrix having the product-sum value as an element
value of the specified element;

(e) obtaining a length between the specified element and
each element of the input pattern matrix to calculate a
weighting vector element number proximate to a posi-
tion apart from a center of the weighting vector by the
length, and obtaining a value of a product of an element
value of the element number of the weighting vector
and an element value of each element of the input
pattern matrix to calculate a product-sum value
obtained by adding the value of the product to each
element of the input pattern matrix;

(f) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of'the input pattern matrix to a position of each element
thereof, and creating a weighted input pattern matrix
having the product-sum value as an element value of
the specified element; and

(g) defining any of a square sum and a square root of the
square sum of a value of a difference between the
weighted standard pattern matrix and the weighted
input pattern matrix for each element as a geometric
distance value between the standard pattern matrix and
the input pattern matrix.

2. The method for detecting a similarity between images
according to claim 1, wherein, instead of the weighting
vector, a ratio value of mean values is obtained, the ratio
value being obtained by dividing a mean geometric distance
value between standard images in the same category by a
mean geometric distance value between standard images in
different categories, and a weighting vector having a value
of'a weighting factor minimizing the ratio value of the mean
values as an element is created.

3. A method for recognizing an image, comprising the
steps of:

obtaining the geometric distance between the standard
pattern matrix having the feature quantity of the stan-
dard image as an element and the input pattern matrix
having the feature quantity of the input image as an
element by the method for detecting a similarity

between images according to any one of claims 1 and

2;

comparing the obtained geometric distance value with an
arbitrarily set allowed value; and

judging the input image not to be the standard image when
the geometric distance value is larger than the allowed
value, and judging the input image to be the standard
image when the geometric distance value is equal
to/smaller than the allowed value.

4. A method for detecting a similarity between images,

comprising the steps of:

(a) creating an original standard pattern matrix having a
feature quantity of a standard image as an element and
an original input pattern matrix having a feature quan-
tity of an input image as an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having
a different value of

variance for each specified element of the original pattern
matrices, creating a reference pattern vector having a value
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of the reference shape as an element, and creating a weight-
ing vector having a value of a change rate of a kurtosis of the
reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the original standard pattern matrix to
calculate a weighting vector element number proximate
to a position apart from a center of the weighting vector
by the length, and obtaining a value of a product of an
element value of the element number of the weighting
vector and an element value of each element of the
original standard pattern matrix to calculate a product-
sum value obtained by adding the value of the product
to each element of the original standard pattern matrix;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the original standard pattern matrix to a position of
each element thereof, and creating an original and
weighted standard pattern matrix having the product-
sum value as an element value of the specified element;

(e) obtaining a length between the specified element and
each element of the original input pattern matrix to
calculate a weighting vector element number proximate
to a position apart from a center of the weighting vector
by the length, and obtaining a value of a product of an
element value of the element number of the weighting
vector and an element value of each element of the
original input pattern matrix to calculate a product-sum
value obtained by adding the value of the product to
each element of the original input pattern matrix;

() when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the original input pattern matrix to a position of each
element thereof, and creating an original and weighted
input pattern matrix having the product-sum value as an
element value of the specified element; and

(g) defining a ratio value as a geometric distance value
between the original standard pattern matrix and the
original input pattern matrix, the ratio value being
obtained by dividing a product-sum value of the origi-
nal and weighted standard pattern matrix and the origi-
nal and weighted input pattern matrix for each element
by a square root of a square sum of each element of the
original and weighted standard pattern matrix and a
square root of a square sum of each element of the
original and weighted input pattern matrix.

5. The method for detecting a similarity between images
according to claim 4, wherein, instead of the weighting
vector, a difference value of mean values is obtained, the
difference value being obtained by subtracting a mean
geometric distance value between standard images in dif-
ferent categories from a mean geometric distance value
between standard images in the same category, and a weight-
ing vector having a value of a weighting factor maximizing
the difference value of the mean values as an element is
created.

6. A method for recognizing an image, comprising the
steps of:

obtaining the geometric distance between the original
standard pattern matrix having the feature quantity of
the standard image as an element and the original input
pattern matrix having the feature quantity of the input
image as an clement by the method for detecting a
similarity between images according to any one of
claims 4 and 5;

comparing the obtained geometric distance value with an
arbitrarily set allowed value; and



US 7,194,133 B2

145

judging the input image not to be the standard image when
the geometric distance value is smaller than the allowed
value, and judging the input image to be the standard
image when the geometric distance value is equal
to/larger than the allowed value.

7. A method for detecting a similarity between voices,

comprising the steps of:

(a) creating a standard pattern matrix having a feature
quantity of a standard voice as an element and an input
pattern matrix having a feature quantity of an input
voice as an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having
a different value of

variance for each specified element of the pattern matrices,
creating a reference pattern vector having a value of the
reference shape as an element, and creating a weighting
vector having a value of a change rate of a kurtosis of the
reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the standard pattern matrix to calculate
a weighting vector element number proximate to a
position apart from a center of the weighting vector by
the length, and obtaining a value of a product of an
element value of the element number of the weighting
vector and an element value of each element of the
standard pattern matrix to calculate a product-sum
value obtained by adding the value of the product to
each element of the standard pattern matrix;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the standard pattern matrix to a position of each
element thereof, and creating a weighted standard pat-
tern matrix having the product-sum value as an element
value of the specified element;

(e) obtaining a length between the specified element and
each element of the input pattern matrix to calculate a
weighting vector element number proximate to a posi-
tion apart from a center of the weighting vector by the
length, and obtaining a value of a product of an element
value of the element number of the weighting vector
and an element value of each element of the input
pattern matrix to calculate a product-sum value
obtained by adding the value of the product to each
element of the input pattern matrix;

(f) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of'the input pattern matrix to a position of each element
thereof, and creating a weighted input pattern matrix
having the product-sum value as an element value of
the specified element; and

(g) defining any of a square sum and a square root of the
square sum of a value of a difference between the
weighted standard pattern matrix and the weighted
input pattern matrix for each element as a geometric
distance value between the standard pattern matrix and
the input pattern matrix.

8. The method for detecting a similarity between voices
according to claim 7, wherein, instead of the weighting
vector, a ratio value of mean values is obtained, the ratio
value being obtained by dividing a mean geometric distance
value between standard voices in the same category by a
mean geometric distance value between standard voices in
different categories, and a weighting vector having a value
of'a weighting factor minimizing the ratio value of the mean
values as an element is created.
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9. A method for recognizing a voice, comprising the steps

of:

obtaining the geometric distance between the standard
pattern matrix having the feature quantity of the stan-
dard voice as an element and the input pattern matrix
having the feature quantity of the input voice as an
element by the method for detecting a similarity
between voices according to any one of claims 7 and 8;

comparing the obtained geometric distance value with an
arbitrarily set allowed value; and

judging the input voice not to be the standard voice when
the geometric distance value is larger than the allowed
value, and judging the input voice to be the standard
voice when the geometric distance value is equal
to/smaller than the allowed value.

10. A method for detecting a similarity between voices,

comprising the steps of:

(a) creating an original standard pattern matrix having a
feature quantity of a standard voice as an element and
an original input pattern matrix having a feature quan-
tity of an input voice as an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having
a different value of

variance for each specified element of the original pattern
matrices, creating a reference pattern vector having a value
of the reference shape as an element, and creating a weight-
ing vector having a value of a change rate of a kurtosis of the
reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the original standard pattern matrix to
calculate a weighting vector element number proximate
to a position apart from a center of the weighting vector
by the length, and obtaining a value of a product of an
element value of the element number of the weighting
vector and an element value of each element of the
original standard pattern matrix to calculate a product-
sum value obtained by adding the value of the product
to each element of the original standard pattern matrix;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the original standard pattern matrix to a position of
each element thereof, and creating an original and
weighted standard pattern matrix having the product-
sum value as an element value of the specified element;

(e) obtaining a length between the specified element and
each element of the original input pattern matrix to
calculate a weighting vector element number proximate
to a position apart from a center of the weighting vector
by the length, and obtaining a value of a product of an
element value of the element number of the weighting
vector and an element value of each element of the
original input pattern matrix to calculate a product-sum
value obtained by adding the value of the product to
each element of the original input pattern matrix;

() when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the original input pattern matrix to a position of each
element thereof, and creating an original and weighted
input pattern matrix having the product-sum value as an
element value of the specified element; and

(g) defining a ratio value as a geometric distance value
between the original standard pattern matrix and the
original input pattern matrix, the ratio value being
obtained by dividing a product-sum value of the origi-
nal and weighted standard pattern matrix and the origi-
nal and weighted input pattern matrix for each element
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by a square root of a square sum of each element of the
original and weighted standard pattern matrix and a
square root of a square sum of each element of the
original and weighted input pattern matrix.

11. The method for detecting a similarity between voices
according to claim 10, wherein, instead of the weighting
vector, a difference value of mean values is obtained, the
difference value being obtained by subtracting a mean
geometric distance value between standard voices in differ-
ent categories from a mean geometric distance value
between standard voices in the same category, and a weight-
ing vector having a value of a weighting factor maximizing
the difference value of the mean values as an element is
created.

12. A method for recognizing a voice, comprising the
steps of:

obtaining the geometric distance between the original
standard pattern matrix having the feature quantity of
the standard voice as an element and the original input
pattern matrix having the feature quantity of the input
voice as an element by the method for detecting a
similarity between voices according to any one of
claims 10 and 11;

comparing the obtained geometric distance value with an
arbitrarily set allowed value; and

judging the input voice not to be the standard voice when
the geometric distance value is smaller than the allowed
value, and judging the input voice to be the standard
voice when the geometric distance value is equal
to/larger than the allowed value.

13. A method for detecting a similarity between oscilla-

tion waves, comprising the steps of:

(a) creating a standard pattern matrix having a feature
quantity of a standard oscillation wave as an element
and an input pattern matrix having a feature quantity of
an input oscillation wave as an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having
a different value of

variance for each specified element of the pattern matrices,
creating a reference pattern vector having a value of the
reference shape as an element, and creating a weighting
vector having a value of a change rate of a kurtosis of the
reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the standard pattern matrix to calculate
a weighting vector element number proximate to a
position apart from a center of the weighting vector by
the length, and obtaining a value of a product of an
element value of the element number of the weighting
vector and an element value of each element of the
standard pattern matrix to calculate a product-sum
value obtained by adding the value of the product to
each element of the standard pattern matrix;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the standard pattern matrix to a position of each
element thereof, and creating a weighted standard pat-
tern matrix having the product-sum value as an element
value of the specified element;

(e) obtaining a length between the specified element and
each element of the input pattern matrix to calculate a
weighting vector element number proximate to a posi-
tion apart from a center of the weighting vector by the
length, and obtaining a value of a product of an element
value of the element number of the weighting vector
and an element value of each element of the input
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pattern matrix to calculate a product-sum value
obtained by adding the value of the product to each
element of the input pattern matrix;

() when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the input pattern matrix to a position of each element
thereof, and creating a weighted input pattern matrix
having the product-sum value as an element value of
the specified element; and

(g) defining any of a square sum and a square root of the
square sum of a value of a difference between the
weighted standard pattern matrix and the weighted
input pattern matrix for each element as a geometric
distance value between the standard pattern matrix and
the input pattern matrix.

14. The method for detecting a similarity between oscil-
lation waves according to claim 13, wherein, instead of the
weighting vector, a ratio value of mean values is obtained,
the ratio value being obtained by dividing a mean geometric
distance value between standard oscillation waves in the
same category by a mean geometric distance value between
standard oscillation waves in different categories, and a
weighting vector having a value of a weighting factor
minimizing the ratio value of the mean values as an element
is created.

15. A method for judging an abnormality in a machine,
comprising the steps of:

obtaining the geometric distance between the standard
pattern matrix having the feature quantity of the stan-
dard oscillation wave as an element and the input
pattern matrix having the feature quantity of the input
oscillation wave as an element by the method for
detecting a similarity between oscillation waves
according to any one of claims 13 and 14;

comparing the obtained geometric distance value with an
arbitrarily set allowed value; and

judging the machine to be abnormal when the geometric
distance value is larger than the allowed value, and
judging the machine to be normal when the geometric
distance value is equal to/smaller than the allowed
value.

16. A method for detecting a similarity between oscilla-

tion waves, comprising the steps of:

(a) creating an original standard pattern matrix having a
feature quantity of a standard oscillation wave as an
element and an original input pattern matrix having a
feature quantity of an input oscillation wave as an
element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having
a different value of

variance for each specified element of the original pattern
matrices, creating a reference pattern vector having a value
of the reference shape as an element, and creating a weight-
ing vector having a value of a change rate of a kurtosis of the
reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the original standard pattern matrix to
calculate a weighting vector element number proximate
to a position apart from a center of the weighting vector
by the length, and obtaining a value of a product of an
element value of the element number of the weighting
vector and an element value of each element of the
original standard pattern matrix to calculate a product-
sum value obtained by adding the value of the product
to each element of the original standard pattern matrix;
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(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the original standard pattern matrix to a position of
each element thereof, and creating an original and
weighted standard pattern matrix having the product-
sum value as an element value of the specified element;

(e) obtaining a length between the specified element and
each element of the original input pattern matrix to
calculate a weighting vector element number proximate
to a position apart from a center of the weighting vector
by the length, and obtaining a value of a product of an
element value of the element number of the weighting
vector and an element value of each element of the
original input pattern matrix to calculate a product-sum
value obtained by adding the value of the product to
each element of the original input pattern matrix;

(f) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the original input pattern matrix to a position of each
element thereof, and creating an original and weighted
input pattern matrix having the product-sum value as an
element value of the specified element; and

(g) defining a ratio value as a geometric distance value
between the original standard pattern matrix and the
original input pattern matrix, the ratio value being
obtained by dividing a product-sum value of the origi-
nal and weighted standard pattern matrix and the origi-
nal and weighted input pattern matrix for each element
by a square root of a square sum of each element of the
original and weighted standard pattern matrix and a
square root of a square sum of each element of the
original and weighted input pattern matrix.

17. The method for detecting a similarity between oscil-
lation waves according to claim 16, wherein, instead of the
weighting vector, a difference value of mean values is
obtained, the difference value being obtained by subtracting
a mean geometric distance value between standard oscilla-
tion waves in different categories from a mean geometric
distance value between standard oscillation waves in the
same category, and a weighting vector having a value of a
weighting factor maximizing the difference value of the
mean values as an element is created.

18. A method for judging an abnormality in a machine,
comprising the steps of:

obtaining the geometric distance between the original
standard pattern matrix having the feature quantity of
the standard oscillation wave as an element and the
original input pattern matrix having the feature quantity
of the input oscillation wave as an element by the
method for detecting a similarity between oscillation
waves according to any one of claims 16 and 17;

comparing the obtained geometric distance value with an
arbitrarily set allowed value; and

judging the machine to be abnormal when the geometric
distance value is smaller than the allowed value, and
judging the machine to be normal when the geometric
distance value is equal to/larger than the allowed value.

19. A method for detecting a similarity between moving
images, comprising the steps of:

(a) creating a standard pattern matrix layer having a
feature quantity of a standard moving image as an
element and an input pattern matrix layer having a
feature quantity of an input moving image as an ele-
ment;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having
a different value of
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variance for each specified element of the pattern matrix
layers, creating a reference pattern vector having a value of
the reference shape as an element, and creating a weighting
vector having a value of a change rate of a kurtosis of the
reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the standard pattern matrix layer to
calculate a weighting vector element number proximate
to a position apart from a center of the weighting vector
by the length, and obtaining a value of a product of an
element value of the element number of the weighting
vector and an element value of each element of the
standard pattern matrix layer to calculate a product-sum
value obtained by adding the value of the product to
each element of the standard pattern matrix layer;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the standard pattern matrix layer to a position of each
element thereof, and creating a weighted standard pat-
tern matrix layer having the product-sum value as an
element value of the specified element;

(e) obtaining a length between the specified element and
each element of the input pattern matrix layer to
calculate a weighting vector element number proximate
to a position apart from a center of the weighting vector
by the length, and obtaining a value of a product of an
element value of the element number of the weighting
vector and an element value of each element of the
input pattern matrix layer to calculate a product-sum
value obtained by adding the value of the product to
each element of the input pattern matrix layer;

() when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the input pattern matrix layer to a position of each
element thereof, and creating a weighted input pattern
matrix layer having the product-sum value as an ele-
ment value of the specified element; and

(g) defining any of a square sum and a square root of the
square sum of a value of a difference between the
weighted standard pattern matrix layer and the
weighted input pattern matrix layer for each element as
a geometric distance value between the standard pattern
matrix layer and the input pattern matrix layer.

20. The method for detecting a similarity between moving
images according to claim 19, wherein, instead of the
weighting vector, a ratio value of mean values is obtained,
the ratio value being obtained by dividing a mean geometric
distance value between standard moving images in the same
category by a mean geometric distance value between
standard moving images in different categories, and a
weighting vector having a value of a weighting factor
minimizing the ratio value of the mean values as an element
is created.

21. A method for recognizing a moving image, compris-
ing the steps of:

obtaining the geometric distance between the standard
pattern matrix layer having the feature quantity of the
standard moving image as an element and the input
pattern matrix layer having the feature quantity of the
input moving image as an element by the method for
detecting a similarity between moving images accord-
ing to any one of claims 19 and 20;

comparing the obtained geometric distance value with an
arbitrarily set allowed value; and

judging the input moving image not to be the standard
moving image when the geometric distance value is
larger than the allowed value, and judging the input
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moving image to be the standard moving image when
the geometric distance value is equal to/smaller than
the allowed value.

22. A method for detecting a similarity between moving

images, comprising the steps of:

(a) creating an original standard pattern matrix layer
having a feature quantity of a standard moving image
as an element and an original input pattern matrix layer
having a feature quantity of an input moving image as
an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having
a different value of

variance for each specified element of the original pattern
matrix layers, creating a reference pattern vector having a
value of the reference shape as an element, and creating a
weighting vector having a value of a change rate of a
kurtosis of the reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the original standard pattern matrix
layer to calculate a weighting vector element number
proximate to a position apart from a center of the
weighting vector by the length, and obtaining a value of
a product of an element value of the element number of
the weighting vector and an element value of each
element of the original standard pattern matrix layer to
calculate a product-sum value obtained by adding the
value of the product to each element of the original
standard pattern matrix layer;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the original standard pattern matrix layer to a posi-
tion of each element thereof, and creating an original
and weighted standard pattern matrix layer having the
product-sum value as an element value of the specified
element;

(e) obtaining a length between the specified element and
each element of the original input pattern matrix layer
to calculate a weighting vector element number proxi-
mate to a position apart from a center of the weighting
vector by the length, and obtaining a value of a product
of an element value of the element number of the
weighting vector and an element value of each element
of the original input pattern matrix layer to calculate a
product-sum value obtained by adding the value of the
product to each element of the original input pattern
matrix layer;

(f) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the original input pattern matrix layer to a position
of each element thereof, and creating an original and
weighted input pattern matrix layer having the product-
sum value as an element value of the specified element;
and

(g) defining a ratio value as a geometric distance value
between the original standard pattern matrix layer and
the original input pattern matrix layer, the ratio value
being obtained by dividing a product-sum value of the
original and weighted standard pattern matrix layer and
the original and weighted input pattern matrix layer for
each element by a square root of a square sum of each
element of the original and weighted standard pattern
matrix layer and a square root of a square sum of each
element of the original and weighted input pattern
matrix layer.

23. The method for detecting a similarity between moving

images according to claim 22, wherein, instead of the
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weighting vector, a difference value of mean values is
obtained, the difference value being obtained by subtracting
a mean geometric distance value between standard moving
images in different categories from a mean geometric dis-
tance value between standard moving images in the same
category, and a weighting vector having a value of a
weighting factor maximizing the difference value of the
mean values as an element is created.

24. A method for recognizing a moving image, compris-

ing the steps of:

obtaining the geometric distance between the original
standard pattern matrix layer having the feature quan-
tity of the standard moving image as an element and the
original input pattern matrix layer having the feature
quantity of the input moving image as an element by
the method for detecting a similarity between moving
images according to any one of claims 22 and 23;

comparing the obtained geometric distance value with an
arbitrarily set allowed value; and

judging the input moving image not be the standard
moving image when the geometric distance value is
smaller than the allowed value, and judging the input
moving image to be the standard moving image when
the geometric distance value is equal to/larger than the
allowed value.

25. A method for detecting a similarity between solids,

comprising the steps of:

(a) creating a standard pattern matrix layer having a
feature quantity of a standard solid as an element and
an input pattern matrix layer having a feature quantity
of an input solid as an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having
a different value of

variance for each specified element of the pattern matrix
layers, creating a reference pattern vector having a value of
the reference shape as an element, and creating a weighting
vector having a value of a change rate of a kurtosis of the
reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the standard pattern matrix layer to
calculate a weighting vector element number proximate
to a position apart from a center of the weighting vector
by the length, and obtaining a value of a product of an
element value of the element number of the weighting
vector and an element value of each element of the
standard pattern matrix layer to calculate a product-sum
value obtained by adding the value of the product to
each element of the standard pattern matrix layer;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the standard pattern matrix layer to a position of each
element thereof, and creating a weighted standard pat-
tern matrix layer having the product-sum value as an
element value of the specified element;

(e) obtaining a length between the specified element and
each element of the input pattern matrix layer to
calculate a weighting vector element number proximate
to a position apart from a center of the weighting vector
by the length, and obtaining a value of a product of an
element value of the element number of the weighting
vector and an element value of each element of the
input pattern matrix layer to calculate a product-sum
value obtained by adding the value of the product to
each element of the input pattern matrix layer;

() when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
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of the input pattern matrix layer to a position of each
element thereof, and creating a weighted input pattern
matrix layer having the product-sum value as an ele-
ment value of the specified element; and

(g) defining any of a square sum and a square root of the

square sum of a value of a difference between the
weighted standard pattern matrix layer and the
weighted input pattern matrix layer for each element as
a geometric distance value between the standard pattern
matrix layer and the input pattern matrix layer.

26. The method for detecting a similarity between solids
according to claim 25, wherein, instead of the weighting
vector, a ratio value of mean values is obtained, the ratio
value being obtained by dividing a mean geometric distance
value between standard solids in the same category by a
mean geometric distance value between standard solids in
different categories, and a weighting vector having a value
of'a weighting factor minimizing the ratio value of the mean
values as an element is created.

27. A method for recognizing a solid, comprising the steps
of:

obtaining the geometric distance between the standard
pattern matrix layer having the feature quantity of the
standard solid as an element and the input pattern
matrix layer having the feature quantity of the input
solid as an element by the method for detecting a
similarity between solids according to any one of
claims 25 and 26;

comparing the obtained geometric distance value with an
arbitrarily set allowed value; and

judging the input solid not to be the standard solid when
the geometric distance value is larger than the allowed
value, and judging the input solid to be the standard
solid when the geometric distance value is equal
to/smaller than the allowed value.

28. A method for detecting a similarity between solids,

comprising the steps of:

(a) creating an original standard pattern matrix layer
having a feature quantity of a standard solid as an
element and an original input pattern matrix layer
having a feature quantity of an input solid as an
element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having
a different value of

variance for each specified element of the original pattern
matrix layers, creating a reference pattern vector having a
value of the reference shape as an element, and creating a
weighting vector having a value of a change rate of a
kurtosis of the reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the original standard pattern matrix
layer to calculate a weighting vector element number
proximate to a position apart from a center of the
weighting vector by the length, and obtaining a value of
a product of an element value of the element number of
the weighting vector and an element value of each
element of the original standard pattern matrix layer to
calculate a product-sum value obtained by adding the
value of the product to each element of the original
standard pattern matrix layer;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the original standard pattern matrix layer to a posi-
tion of each element thereof, and creating an original
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and weighted standard pattern matrix layer having the
product-sum value as an element value of the specified
element;

(e) obtaining a length between the specified element and
each element of the original input pattern matrix layer
to calculate a weighting vector element number proxi-
mate to a position apart from a center of the weighting
vector by the length, and obtaining a value of a product
of an element value of the element number of the
weighting vector and an element value of each element
of the original input pattern matrix layer to calculate a
product-sum value obtained by adding the value of the
product to each element of the original input pattern
matrix layer;

() when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the original input pattern matrix layer to a position
of each element thereof, and creating an original and
weighted input pattern matrix layer having the product-
sum value as an element value of the specified element;
and

(g) defining a ratio value as a geometric distance value
between the original standard pattern matrix layer and
the original input pattern matrix layer, the ratio value
being obtained by dividing a product-sum value of the
original and weighted standard pattern matrix layer and
the original and weighted input pattern matrix layer for
each element by a square root of a square sum of each
element of the original and weighted standard pattern
matrix layer and a square root of a square sum of each
element of the original and weighted input pattern
matrix layer.

29. The method for detecting a similarity between solids
according to claim 28, wherein, instead of the weighting
vector, a difference value of mean values is obtained, the
difference value being obtained by subtracting a mean
geometric distance value between standard solids in differ-
ent categories from a mean geometric distance value
between standard solids in the same category, and a weight-
ing vector having a value of a weighting factor maximizing
the difference value of the mean values as an element is
created.

30. A method for recognizing a solid, comprising the steps
of:

obtaining the geometric distance between the original
standard pattern matrix layer having the feature quan-
tity of the standard solid as an element and the original
input pattern matrix layer having the feature quantity of
the input solid as an element by the method for detect-
ing a similarity between solids according to any one of
claims 28 and 29;

comparing the obtained geometric distance value with an
arbitrarily set allowed value; and

judging the input solid not be the standard solid when the
geometric distance value is smaller than the allowed
value, and judging the input solid to be the standard
image solid when the geometric distance value is equal
to/larger than the allowed value.

31. A method for detecting a similarity between voices,

comprising the steps of:

(a) creating a standard pattern vector having a feature
quantity of a standard voice as an element and an input
pattern vector having a feature quantity of an input
voice as an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having
a different value of



US 7,194,133 B2

155

variance for each specified element of the pattern vectors,
creating a reference pattern vector having a value of the
reference shape as an element, and creating a weighting
vector having a value of a change rate of a kurtosis of the
reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the standard pattern vector to calculate
a weighting vector element number proximate to a
position apart from a center of the weighting vector by
the length, and obtaining a value of a product of an
element value of the element number of the weighting
vector and an element value of each element of the
standard pattern vector to calculate a product-sum
value obtained by adding the value of the product to
each element of the standard pattern vector;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the standard pattern vector to a position of each
element thereof, and creating a weighted standard pat-
tern vector having the product-sum value as an element
value of the specified element;

(e) obtaining a length between the specified element and
each element of the input pattern vector to calculate a
weighting vector element number proximate to a posi-
tion apart from a center of the weighting vector by the
length, and obtaining a value of a product of an element
value of the element number of the weighting vector
and an element value of each element of the input
pattern vector to calculate a product-sum value
obtained by adding the value of the product to each
element of the input pattern vector;

(f) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the input pattern vector to a position of each element
thereof, and creating a weighted input pattern vector
having the product-sum value as an element value of
the specified element; and

(g) defining any of a square sum and a square root of the
square sum of a value of a difference between the
weighted standard pattern vector and the weighted
input pattern vector for each element as a geometric
distance value between the standard pattern vector and
the input pattern vector.

32. The method for detecting a similarity between voices
according to claim 31, wherein, instead of the weighting
vector, a ratio value of mean values is obtained, the ratio
value being obtained by dividing a mean geometric distance
value between standard voices in the same category by a
mean geometric distance value between standard voices in
different categories, and a weighting vector having a value
of'a weighting factor minimizing the ratio value of the mean
values as an element is created.

33. A method for recognizing a voice, comprising the
steps of:

obtaining the geometric distance between the standard
pattern vector having the feature quantity of the stan-
dard voice as an element and the input pattern vector
having the feature quantity of the input voice as an
element by the method for detecting a similarity
between voices according to any one of claims 31 and
32,

comparing the obtained geometric distance value with an
arbitrarily set allowed value; and

judging the input voice not to be the standard voice when
the geometric distance value is larger than the allowed
value, and judging the input voice to be the standard
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voice when the geometric distance value is equal
to/smaller than the allowed value.

34. A method for detecting a similarity between voices,
comprising the steps of:

(a) creating an original standard pattern vector having a
feature quantity of a standard voice as an element and
an original input pattern vector having a feature quan-
tity of an input voice as an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having
a different value of

variance for each specified element of the original pattern
vectors, creating a reference pattern vector having a value of
the reference shape as an element, and creating a weighting
vector having a value of a change rate of a kurtosis of the
reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the original standard pattern vector to
calculate a weighting vector element number proximate
to a position apart from a center of the weighting vector
by the length, and obtaining a value of a product of an
element value of the element number of the weighting
vector and an element value of each element of the
original standard pattern vector to calculate a product-
sum value obtained by adding the value of the product
to each element of the original standard pattern vector;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the original standard pattern vector to a position of
each element thereof, and creating an original and
weighted standard pattern vector having the product-
sum value as an element value of the specified element;

(e) obtaining a length between the specified element and
each element of the original input pattern vector to
calculate a weighting vector element number proximate
to a position apart from a center of the weighting vector
by the length, and obtaining a value of a product of an
element value of the element number of the weighting
vector and an element value of each element of the
original input pattern vector to calculate a product-sum
value obtained by adding the value of the product to
each element of the original input pattern vector;

() when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the original input pattern vector to a position of each
element thereof, and creating an original and weighted
input pattern vector having the product-sum value as an
element value of the specified element; and

(g) defining a ratio value as a geometric distance value
between the original standard pattern vector and the
original input pattern vector, the ratio value being
obtained by dividing a product-sum value of the origi-
nal and weighted standard pattern vector and the origi-
nal and weighted input pattern vector for each element
by a square root of a square sum of each element of the
original and weighted standard pattern vector and a
square root of a square sum of each element of the
original and weighted input pattern vector.

35. The method for detecting a similarity between voices
according to claim 34, wherein, instead of the weighting
vector, a difference value of mean values is obtained, the
difference value being obtained by subtracting a mean
geometric distance value between standard voices in differ-
ent categories from a mean geometric distance value
between standard voices in the same category, and a weight-
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ing vector having a value of a weighting factor maximizing
the difference value of the mean values as an element is
created.

36. A method for recognizing a voice, comprising the

steps of:

obtaining the geometric distance between the original
standard pattern vector having the feature quantity of
the standard voice as an element and the original input
pattern vector having the feature quantity of the input
voice as an element by the method for detecting a
similarity between voices according to any one of
claims 34 and 35;

comparing the obtained geometric distance value with an
arbitrarily set allowed value; and

judging the input voice not to be the standard voice when
the geometric distance value is smaller than the allowed
value, and judging the input voice to be the standard
voice when the geometric distance value is equal
to/larger than the allowed value.

37. A method for detecting a similarity between oscilla-

tion waves, comprising the steps of:

(a) creating a standard pattern vector having a feature
quantity of a standard oscillation wave as an element
and an input pattern vector having a feature quantity of
an input oscillation wave as an element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having
a different value of variance for each specified element
of the pattern vectors, creating a reference pattern
vector having a value of the reference shape as an
element, and creating a weighting vector having a value
of a change rate of a kurtosis of the reference pattern
vector as an element;

(c) obtaining a length between the specified element and
each element of the standard pattern vector to calculate
a weighting vector element number proximate to a
position apart from a center of the weighting vector by
the length, and obtaining a value of a product of an
element value of the element number of the weighting
vector and an element value of each element of the
standard pattern vector to calculate a product-sum
value obtained by adding the value of the product to
each element of the standard pattern vector;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the standard pattern vector to a position of each
element thereof, and creating a weighted standard pat-
tern vector having the product-sum value as an element
value of the specified element;

(e) obtaining a length between the specified element and
each element of the input pattern vector to calculate a
weighting vector element number proximate to a posi-
tion apart from a center of the weighting vector by the
length, and obtaining a value of a product of an element
value of the element number of the weighting vector
and an element value of each element of the input
pattern vector to calculate a product-sum value
obtained by adding the value of the product to each
element of the input pattern vector;

(f) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the input pattern vector to a position of each element
thereof, and creating a weighted input pattern vector
having the product-sum value as an element value of
the specified element; and

(g) defining any of a square sum and a square root of the
square sum of a value of a difference between the
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weighted standard pattern vector and the weighted
input pattern vector for each element as a geometric
distance value between the standard pattern vector and
the input pattern vector.

38. The method for detecting a similarity between oscil-
lation waves according to claim 37, wherein, instead of the
weighting vector, a ratio value of mean values is obtained,
the ratio value being obtained by dividing a mean geometric
distance value between standard oscillation waves in the
same category by a mean geometric distance value between
standard oscillation waves in different categories, and a
weighting vector having a value of a weighting factor
minimizing the ratio value of the mean values as an element
is created.

39. A method for judging an abnormality in a machine,
comprising the steps of:

obtaining the geometric distance between the standard
pattern vector having the feature quantity of the stan-
dard oscillation wave as an element and the input
pattern vector having the feature quantity of the input
oscillation wave as an element by the method for
detecting a similarity between oscillation waves
according to any one of claims 37 and 38;

comparing the obtained geometric distance value with an
arbitrarily set allowed value; and

judging the machine to be abnormal when the geometric
distance value is larger than the allowed value, and
judging the machine to be normal when the geometric
distance value is equal to/smaller than the allowed
value.

40. A method for detecting a similarity between oscilla-

tion waves, comprising the steps of:

(a) creating an original standard pattern vector having a
feature quantity of a standard oscillation wave as an
element and an original input pattern vector having a
feature quantity of an input oscillation wave as an
element;

(b) creating an arbitrary reference shape such as a normal
distribution and a rectangle, the reference shape having
a different value of

variance for each specified element of the original pattern
vectors, creating a reference pattern vector having a value of
the reference shape as an element, and creating a weighting
vector having a value of a change rate of a kurtosis of the
reference pattern vector as an element;

(c) obtaining a length between the specified element and
each element of the original standard pattern vector to
calculate a weighting vector element number proximate
to a position apart from a center of the weighting vector
by the length, and obtaining a value of a product of an
element value of the element number of the weighting
vector and an element value of each element of the
original standard pattern vector to calculate a product-
sum value obtained by adding the value of the product
to each element of the original standard pattern vector;

(d) when calculating the product-sum value, obtaining the
product-sum value while moving the specified element
of the original standard pattern vector to a position of
each element thereof, and creating an original and
weighted standard pattern vector having the product-
sum value as an element value of the specified element;

(e) obtaining a length between the specified element and
each element of the original input pattern vector to
calculate a weighting vector element number proximate
to a position apart from a center of the weighting vector
by the length, and obtaining a value of a product of an
element value of the element number of the weighting
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vector and an element value of each element of the a mean geometric distance value between standard oscilla-

original input pattern vector to calculate a product-sum tion waves in different categories from a mean geometric

value obtained by adding the value of the product to distance value between standard oscillation waves in the

each element of the original input pattern vector; same category, and a weighting vector having a value of a
(f) when calculating the product-sum value, obtaining the 5 weighting factor maximizing the difference value of the

product-sum value while moving the specified element mean values as an element is created.

of the original input pattern vector to a position of each 42. A method for judging an abnormality in a machine,

element thereof, and creating an original and weighted comprising the steps of:

input pattern vector having the product-sum value as an

obtaining the geometric distance between the original
standard pattern vector having the feature quantity of
the standard oscillation wave as an element and the
original input pattern vector having the feature quantity
of the input oscillation wave as an element by the
method for detecting a similarity between oscillation
waves according to any one of claims 40 and 41;

element value of the specified element; and 10
(g) defining a ratio value as a geometric distance value
between the original standard pattern vector and the
original input pattern vector, the ratio value being
obtained by dividing a product-sum value of the origi-
nal and weighted standard pattern vector and the origi- 15
nal and weighted input pattern vector for each element
by a square root of a square sum of each element of the
original and weighted standard pattern vector and a

comparing the obtained geometric distance value with an
arbitrarily set allowed value; and

square root of a square sum of each element of the judging the machine to be abnormal when the geometric
original and weighted input pattern vector. 20 distance value is smaller than the allowed value, and

41. The method for detecting a similarity between oscil- judging the machine to be normal when the geometric
lation waves according to claim 40, wherein, instead of the distance value is equal to/larger than the allowed value.

weighting vector, a difference value of mean values is
obtained, the difference value being obtained by subtracting ¥ % % % %



