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(57) ABSTRACT 

An image data processing apparatus for extracting a basic 
texture pattern as an identifiable feature of an image So that 
accurate image Search can be performed by comparing 
images using the extracted basic texture patterns. The image 
data processing apparatus inputs image, detects textural 
periodicity in the image, extracts the basic texture pattern 
based on the calculated periodicity, normalizes the extracted 
basic pattern and shifts the normalized basic pattern. The 
apparatus Stores the normalized and shifted basic pattern to 
an image database with the image from which the basic 
pattern was extracted. 
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IMAGE DATA PROCESSINGAPPARATUS AND 
IMAGE DATA PROCESSING METHOD 

0001. This application is based on patent application Nos. 
9-226101 and 9-235979 filed in Japan, the content of which 
is incorporated hereinto by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to an image process 
ing apparatus and image processing method for extracting 
features from an image, and relates more specifically to an 
apparatus and method for extracting the textural features of 
an image. 
0004 2. Description of the Related Art 
0005 Image databases typically contain various 
attributes and Search information for each image in the 
database. Attributes typically include, for example, the origi 
nal image production date, revision date, file name, and file 
format. Search information typically includes, in addition to 
the attributes, keywords and feature information Such as 
shapes, colors, and even audio information. The attributes 
are often attached automatically to a new image when the 
image is registered into the database. Features Such as 
texture, color, and edge information can also be automati 
cally extracted from the image and added to the database. 
The problem with the feature extraction is the processing 
time required to extract the features from the images. This is 
a particular problem with textural features because of the 
number of operations required. 
0006 There has therefore been a need for a method of 
efficiently extracting image features, and particularly tex 
tural features, from image information. 
0007 Japanese Patent Laid-Open Publication No. 
5-28266 teaches a method for extracting texture features 
from an image by Segmenting an image into Square blockS 
and then extracting feature information from each block. 
This method, however, divides the entire image into the 
blocks from which features are then extracted, and thus 
processes the entire image. The taught method is thus not an 
efficient means of extracting features from images having a 
uniform texture pattern throughout. This method also does 
not extract structural information about texture patterns. 
0008 Also the method of extracting information about 
texture Structure is disclosed in, for example, "Basics of 
image recognition II: feature extraction, edge detection, and 
texture analysis (in Japanese, by Mori Shunji et al., Ohm 
sha)”. This teaches a method for extracting the basic pattern 
and arrangement of pattern elements creating a particular 
image texture using a rigid processing method, but the 
proceSS is complicated and is not practical in terms of the 
required processing Speed. 
0009 Image feature extraction is normally applied to 
image data after image normalization, gray Scale conversion, 
and digitizing have been completed. The threshold values 
used for digitizing images are normally Set to a median value 
at which pixel “0” and pixel “1” appear with same prob 
abilities in pixel distribution, or to the average brightness 
level of the image. Because this often results in the threshold 
value being Set to the pixel value of image areas having a 
gradual tonal change and occupying a large area of the 
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image, the final digital image tends to look unnatural when 
the image has a Substantially uniform background Such as 
blue Sky or other Solid color image. The problem is, more 
Specifically, that when digitizing images with Sky or basi 
cally Solid color background, parts of the background are 
converted to pixel “0” and other parts are converted to pixel 
“1” even though there is no change in the background, 
resulting in an unnatural appearance. When the resulting 
digital image data is then used for feature extraction, image 
features cannot be appropriately extracted. 
0010. There is therefore a need for a means and method 
whereby texture features can be extracted from an image 
efficiently and accurately. 

0011. There is a further need for a means and method 
whereby image Searching can be performed with good 
precision by extracting the basic texture pattern of an image 
as a feature of the image, and comparing images using these 
detected basic texture patterns. 

SUMMARY OF THE INVENTION 

0012. An object of the present invention is therefore to 
provide an image data processing apparatus and method for 
efficiently and accurately extracting texture features from 
images. 

0013 A further object of the invention is to provide an 
image data processing apparatus and method for Searching 
image data by extracting feature information relating to 
basic image texture patterns, and comparing extracted pat 
terns to determine image content. 
0014. In an aspect of this invention, an image data 
processing apparatus according to an exemplary embodi 
ment of the present invention addresses particularly detect 
ing texture features from image data by means of a texture 
extraction controller, a memory and a comparison controller. 

0015 The texture extraction controller obtains feature 
information relating to Said image texture based on the 
image data. The memory Stores image data and the associ 
ated feature information extracted from the image data by 
the texture extraction controller with a defined correlation 
between the Stored image data and feature information So 
that the comparison controller can Seek images in memory 
by comparing images based on the feature information 
Stored to memory. 
0016. In another aspect of this invention, an image data 
processing apparatus processes image data for images con 
taining a texture formed by a basic pattern repeating at a 
Specific period by means of a detection controller, a memory 
and a comparison controller. The detection controller detects 
feature information relating to the basic pattern of the image 
texture and the arrangement of basic pattern elements based 
on Source image data. The memory Stores image data and the 
asSociated feature information detected by the detection 
controller with a defined correlation between the stored 
image data and feature information So that the comparison 
controller can compare images based on the Stored feature 
information. 

0017. In another aspect of this invention, an image data 
processing apparatus processes the image data for images 
containing a texture pattern formed by a basic pattern 
repeating at a Specific period, and comprises an image 
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database, an input means, and a comparison and Searching 
controller. The image database Stores image data for a 
plurality of images, and feature information describing a 
basic pattern and period of a texture in an associated Stored 
image. The relationship between image data and associated 
feature information is defined Such that a particular image 
can be found by referencing the associated feature informa 
tion. The input means enables a user to Select an image to be 
used as a Search key whereby the image data processing 
apparatus Seeks a desired image data from the image data 
base. The comparison and Search controller Seeks a desired 
image from the image database by Sequentially comparing 
feature information for the image Selected as a Search key 
with feature information Stored in the image database, and 
determines any Similarity between the Search key and com 
pared image. 

0.018. In further aspect of this invention, an image data 
processing apparatus processes image data for a pixel image 
wherein a plurality of pixels are arranged in a matrix pattern 
and the pixel image has a texture pattern. To process the 
image data, this image data processing apparatus uses an 
extraction controller for extracting feature information 
descriptive of an image texture using pixel data for pixels 
located in a Scanning band oriented in a specific direction 
through the image. The Scanning band can be a line or a band 
of a specific width. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. These and other objects and features of the present 
invention will be readily understood from the following 
detailed description taken in conjunction with preferred 
embodiments thereof with reference to the accompanying 
drawings, in which like parts are designated by like refer 
ence numerals and in which: 

0020 FIG. 1 is a typical overview of an image data 
processing apparatus according to a first embodiment of the 
present invention; 
0021 FIG. 2 is a block diagram of a typical controller for 
the image data processing apparatus shown in FIG. 1; 
0022 FIG. 3 is a conceptual illustration of a typical 
image database Structure; 
0023 FIGS. 4A to 4D are illustration to show scanning 
direction 0 used for calculating a gray level co-occurrence 
matrix in a preferred embodiment of the invention; 
0024 FIG. 5 is an illustration to show inertia values I 
obtained at distances d in each Scanning direction 0; 

0025 FIG. 6 is a flow chart of the main control routine 
of an image data processing apparatus according to the first 
embodiment of the invention; 

0.026 FIG. 7 is a typical illustration of data entry or 
Setting Screens, 

0027 FIG. 8 is a flow chart of the texture extraction 
process of an image data processing apparatus according to 
the first embodiment of the invention; 

0028 FIG. 9 is a flow chart of the gray level co 
occurrence matrix (GLCM) calculation process of an image 
data processing apparatus according to the first embodiment 
of the invention; 
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0029 FIG. 10 is a graph to describe a method of deter 
mining the threshold value for a digitizing process, 
0030 FIG. 11 is a flow chart of the feature extraction 
process of an image data processing apparatus according to 
the first embodiment of the invention; 
0031 FIG. 12 is a flow chart of the texture comparison 
and Search process of an image data processing apparatus 
according to the first embodiment of the invention; 
0032 FIG. 13 is a conceptual illustration of a typical 
image database Structure in a Second embodiment of the 
invention; 
0033 FIG. 14 is a flow chart of the main control routine 
of an image data processing apparatus according to the 
Second embodiment of the invention; 

0034 FIG. 15 is a flow chart of the texture extraction 
process of an image data processing apparatus according to 
the first embodiment of the invention; 
0035 FIGS. 16A to 16D are illustrations to show basic 
patterns extracted based on the period and direction of an 
image texture pattern; 

0036 FIG. 17 is an illustration to describe a method of 
shifting the basic pattern; 
0037 FIG. 18 is an illustration to show a data array in the 
X direction for obtaining the moment of inertia; 
0038 FIGS. 19A and 19B are illustrations to describe 
Setting the axis of rotation; 
0039 FIG.20 is an illustration to show a data array in the 
Y direction for obtaining the moment of inertia; 
0040 FIG. 21 is a flow chart of the texture comparison 
and Search process of an image data processing apparatus 
according to the Second embodiment of the invention; 
0041 FIG. 22 is a block diagram representative of a 
concept of an image data processing apparatus according to 
the invention; and 
0042 FIG. 23 is a block diagram representative of a 
concept of a feature extraction controller shown in FIG.22. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0043. The preferred embodiments of an image data pro 
cessing apparatus according to the present invention are 
described below with reference to the accompanying figures. 
0044 FIG.22 shows a block diagram representative of a 
concept of an image processing apparatus of the invention. 
The image processing apparatus comprises an input Section 
101, an image generator 102, a feature extraction controller 
103, a memory 105 and a feature comparison and search 
controller 107. 

004.5 The input section 101 inputs the image data as a 
Search-key according to a user operation. The image gen 
erator 102 generates the image data as a Search-key. The 
memory 105 stores image data with the feature information 
related to the image data. The feature extraction controller 
103 extracts a feature from the image inputted by the input 
section 101 or generated by the image generator 102 based 
on a texture of the image and registers the extracted feature 
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with the original image to the memory 105. The feature 
comparison and Search controller 107 compares images 
based on the texture feature and Searches an image Similar 
to the search-key from images stored in the memory 105 
based on the feature information stored in the memory 105. 
0046. In this invention, the feature information is related 
to texture information, for example, periodicity of the image 
comprising basic patterns of the texture and arrangement 
information about the patterns. 
0047 FIG. 23 shows a block diagram representative of a 
concept of the feature extraction controller 103. The feature 
extraction controller 103 comprises a digitizing unit 103a, a 
GLCM calculation unit 103b, a periodicity extraction unit 
103c and a register unit 103d. 
0.048. The digitizing unit 103a digitizes the inputted 
image. Specifically, the digitizing unit 103a Sets a threshold 
for digitizing the image to a value shifted by a predetermined 
value from a median value in a pixel distribution of the 
image. The GLCM calculation unit 103b calculates a GLCM 
(Gray Level Co-occurrence Matrix) of the image digitized 
by the digitizing unit 103a. The periodicity extraction unit 
103c extracts a periodicity as the feature information of the 
image using the GLCM calculated by the GLCM calculation 
unit 103b. The periodicity is extracted in two directions. The 
register unit 103d registers the feature information extracted 
by the periodicity extraction unit 103c with the original 
image to the memory 105. 
0049 Embodiments of the image data processing appa 
ratus with the above concept will be described below. 

0050 (Embodiment 1) 
0051. An image data processing apparatus according to 
the present invention improves the efficiency of the feature 
extraction proceSS by Scanning and extracting image features 
from a particular area of the Overall image rather than 
Scanning the entire image when extracting texture features. 
The area Scanned for texture feature extraction is a band 
shaped region of a predetermined width. Texture features are 
extracted from the image within this Scanning band. 
0.052 FIG. 1 is a typical overview of an image data 
processing apparatus, an "image processing System’ below, 
according to a preferred embodiment of the present inven 
tion. As will be known from FIG. 1, this image processing 
System is built around a controller 1 for controlling the 
overall System and comprising a central processing unit 
(CPU). The CPU is a microprocessor such as an Intel 
Pentium (TM) processor, but shall not be limited thereto. 
The controller 1 is typically connected to peripherals Such as 
a display 2 for displaying images and text as well as prompts 
and other interface elements for operating the System; a 
keyboard 3 and mouse 4 or other pointing device for 
entering information and commands, and manipulating 
interface elements; a floppy disk drive 5b and hard disk 6 for 
data and application Storage; a printer 7 for printing images 
or text; a Scanner 8 for capturing image data; a CD-ROM 
drive 9b for reading data stored to a CD-ROM 9a, one or 
more Speaker 10 for audio output, and a microphone 11 for 
audio input. 

0053 FIG. 2 is a block diagram of the above-described 
image processing system. The CPU 201 is connected via a 
data buS 220 to ROM 203 and RAM 204. The ROM 203 
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Stores the program controlling the image processing System. 
The RAM 204 temporarily stores data and program code 
executed by the CPU 201 to control the image processing 
system. Other circuits connected to the CPU201 via the data 
bus 220 include a display controller 205, keyboard control 
ler 206, mouse controller 207, floppy disk drive (FDD) 
controller 208, hard disk drive (HDD) controller 209, printer 
controller 210, Scanner controller 211, CD-ROM controller 
212, speaker controller 213, and microphone controller 214. 
0054) The display controller 205 controls the display 2 
for text and image display. The keyboard controller 206 
controls data input and routing data from the keyboard 3, 
and the mouse controller 207 controls routing input from the 
mouse 4. The FDD controller 208 controls the floppy disk 
drive 5b, and the HDD controller 209 controls the hard disk 
6. The printer controller 210 controls output to the printer 7. 
The scanner controller 211 controls scanner 8 operation. The 
CD-ROM controller 212 controls the CD-ROM drive 9b. 
The speaker controller 213 controls audio output from the 
speaker 10, and the microphone controller 214 controls 
audio input from the microphone 11. 
0055. A clock 202 generating the reference clock 
required for System operation is also connected to the CPU 
201. An expansion slot 215 for connecting expansion boards 
providing additional functionality to the System is also 
connected to the CPU 201 via the data bus 220. An exem 
plary expansion board is a SCSI interface board which when 
connected to the expansion slot 215 enables connecting a 
floppy disk drive 5b, hard disk 6, scanner 8, CD-ROM drive 
9b, or other peripheral device. 
0056. It will be obvious that while the above system is 
described as using a floppy disk.5a and hard disk 6 for image 
data storage, a magneto-optical (MO) drive and media or 
other type of mass Storage media can be alternatively or 
additionally used. 
0057. In addition, a scanner 8 is used for capturing image 
data, but other data input and capturing means can also be 
used, including Still video cameras, digital cameras, or even 
Video boards for capturing images from moving picture data 
StreamS. 

0058 Yet further, a printer 7 is used as an output device, 
but a digital copier and other types of hard copy output 
devices can be used. 

0059. The application program used for the data man 
agement system is described above as stored to the ROM 
203, but the image processing System shall not be So limited. 
That is, the application program can be Stored in whole or in 
part to a floppy disk 5a, hard disk 6, CD-ROM 9a, or other 
Storage media, and the required program code and data read 
from the storage medium to RAM 204 for execution. 
0060. The image processing System also has an image 
database containing the actual image data and additional 
information, Such as Search keys, for Storing and managing 
the image data. The image database has a logical Structure 
Stored on a hard disk 6 or other data Storage medium. An 
exemplary image database Structure used by this image 
processing system is shown in FIG. 3. The fields of this 
exemplary image database 50 include “image data,'"key 
word,”“feature value 1,” and “feature value 2.” The image 
data field holds the image information being managed and 
manipulated. The keyword field holds one or more keywords 
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used for text-based image Searches. The feature value 1 and 
2 fields hold information indicative of specific features in the 
image. 

0061 The gray level co-occurrence matrix and inertia 
properties used for image feature extraction in the present 
embodiment are described next below. 

0.062 Methods using a gray level co-occurrence matrix 
(GLCM) for texture analysis are known from the literature, 
and are described in detail in, for example, "Basics of image 
recognition II: feature extraction, edge detection, and texture 
analysis” (in Japanese, by Shunji Mori et al.; Ohmsha). 
0.063. This method is based on evaluating a two-dimen 
sional probability density function f(i,jd,0) where the prob 
ability density function f(i,jd,0) indicates the likelihood of 
a pixel Separated distance d in direction 0 from a pixel 
having a gray level i having a gray level j. The gray level 
co-occurrence matrix is a matrix of functions f(i,jd,0) for 
each (d, 0), i and j indicating row and column positions, 
respectively. When the texture is coarse and the distance d 
is Small relative to the size of the component elements of the 
texture, a pixel pair separated (d.,0) generally have similar 
gray levels, and the values proximal to diagonal elements of 
the gray level co-occurrence matrix are thus relatively high. 
Conversely, if the texture is fine and distance d is roughly 
equivalent to the size of the component elements of the 
texture, there is a higher probability that any (d.,0) pixel pair 
will be a pair of dissimilar gray levels, and there will be a 
relatively uniform distribution across all elements of the 
co-occurrence matrix. 

0064. When building the gray level co-occurrence matrix 
in the present embodiment, the image is Scanned in four 
directions 0 at angles of 0, 45,90, and 135 degrees passing 
through a center of the image as shown in FIGS. 4A to 4D 
and described in further detail below. Matrix Si(d) is defined 
as shown by equations (1) to (4) below using the gray level 
co-occurrence matrix M(d,0). 

Sss(d)={M(d,135)+M'(d. 135)/2 (4) 
0065 where M(d,0) is a transposed matrix of M(d,0). 
0.066 These matrices can be used to calculate various 
feature quantities, construct a feature Space, and discrimi 
nate teXtureS. 

0067. The inertia of the gray level co-occurrence matrix, 
which is one of the above-noted feature quantities, can be 
obtained using the equation 

No-1 No-1 (5) 

0068 where S(i,jd) is the i row, j column element of 
matrix Se(d), and N is the number of gray levels in the 
image. 

0069. Because gray level occurrence is directly related to 
the periodicity of the texture pattern, the periodicity of a 
texture should be reflected in S(i,jd). Whether such peri 
odicity exists is determined from a graph of inertia values 
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obtained at distance d, where d ranges from 3, 4, . . . de 
where d is the greatest distance d), for each direction 0. 
This method of evaluation is described below. 

0070 The first step is to obtain inertia I{S(d)} at each 
distance d for each direction 0, and then obtain the lowest 
inertia value I,(0) from the set of inertia values IS2(d)} 
in each direction 0. I(0) is obtained by the following ille 

equation 

0071. The Smallest and second-smallest values are then 
Selected from I (O), I,(45), I (90) and I (135). If the 
lowest of the Selected inertia values I,(0) is less than a 
predetermined threshold value, the texture is determined to 
have a periodic characteristic. 

0072 This is illustrated further in FIG. 5, a graph of 
inertia I at multiple distances d for a particular pixel in each 
of four directions 0. In the example shown, the minimum 
inertia I, value was obtained at a distance d=7 for direction 
0=0, at distance d=7 for direction 0=45, at distance d=13 
for direction 0=90 and at distance d=6 for direction 0=135. 

(135) thus has the lowest inertia I of any direction, and 
(45) has the second lowest inertia. Both I, (135) and 

I,(45) are also below the threshold value to determine 
periodicity, and it is therefore determined that the image 
texture has a periodic characteristic at both direction 0=45 
and 135. 

Iner 
Iner 

0073 Control and operation of the present image pro 
cessing System is described in further detail below with 
reference to FIG. 6, a flow chart of the main control routine 
of the program implemented by the present System. The 
CPU 21 executes this procedure defined by this flow. 
0074 The first step performed when this program is 
invoked is to initialize the various flags, Screen menus, and 
other required elements (S1). An exemplary initial display 
Screen is shown in FIG. 7. Selection items 23 to 25, which 
are used for Selecting a specific process, are displayed, for 
example, as icons in the initial menu Screen 21. When the 
user Selects one of these items 23 to 25, the corresponding 
task (process) is executed. Menu (task) Selections and data 
entry are accomplished by the user with the keyboard 3 
and/or mouse 4 in both the initial menu screen 21 and other 
Screens displayed on the display 2. 

0075. After initialization, it is determined whether the 
user made a Selection from the initial menu screen 21 (S2). 
If "texture extraction' item 23 is selected, the texture 
extraction process (S3) is performed to extract texture 
features from the Specified image data and Store the 
extracted texture feature to the image database 50. 
0076. If “texture comparison and search' item 24 is 
Selected, the texture comparison and Search process (S4) is 
performed to compare the texture of the Specified image data 
with the texture of the image stored to the image database 50 
and Search Similar image data. 
0077. If “other menus' item 25 is selected, the process 
(S5) corresponding to that menu Selection is performed. 
0078. The control loop advances to perform the next 
operation (S6) after the texture extraction process (S3), 
texture comparison and Search process (S4), or other menu 
process (S5) is completed, or if no menu is selected by the 
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user (“NO” in step S2). Once this other process (S6) is 
completed, the control goes back to the Step S2, and the 
above process repeats. 
0079 The operation performed by the other menu pro 
cess (S5) is basically the same as in other common Search 
Systems, and is not directly related to the present invention. 
Further description thereof is thus omitted below, where the 
texture extraction process (S3) and the texture comparison 
and Search process (S4) are described in detail. 
0080. The texture extraction process (S3) is described 
first with reference to a flow chart thereof as shown in FIG. 
8. In this texture extraction process (S3), two processes are 
performed. One is a gray level co-occurrence matrix 
(GLCM) calculation process (S31) for calculating the gray 
level co-occurrence matrix from the image data when image 
data is stored to the image database 50. The other is a feature 
extraction process (S32) for extracting texture features based 
on the result of the GLCM calculation process (S31), and 
Storing the extracted feature information with the image data 
to the image database 50. These processes are described in 
detail below with reference to the flow charts thereof in 
FIGS. 9 and 10. 

0081 FIG. 9 is a flow chart of the GLCM calculation 
process (S31). This process starts by loading (S301) the 
image data from a storage medium like the database or file 
System etc., and then normalizing (S302) the image data. 
This normalization process reduces or enlarges the image to 
a Standard imageSize as a means of reducing the processing 
time and reducing noise during image processing. In the 
present embodiment, images are reduced to fit a 120x120 
pixel area while retaining the original aspect ratio. 

0082 The normalized image data is then converted to a 
gray-scale image and digitized (S303). To address the prob 
lem of the digitizing process described in the above review 
of related technologies, the threshold value is not set to a 
pixel value with a high frequency of appearance, but is 
rather Set to a value offset a predetermined amount above or 
below a median pixel value of a pixel value distribution after 
gray-Scale conversion. This is described Specifically below. 
0083 FIG. 10 is a graph of the pixel value distribution in 
relation to the pixel values after gray Scale conversion for a 
certain image. There are 256 gradations possible in the 
present example. As shown in FIG. 10, the threshold value 
is Set to a value that is greater than the median pixel value 
(M) of the pixel value distribution by a third of the standard 
deviation (s), i.e. M+S/3. By thus offsetting the threshold 
value used for digitizing the image a Specific amount from 
the median pixel value of the distribution, the threshold 
value is not set to a high frequency pixel value, and the 
image can be digitized while better retaining the features of 
the original image. It should be noted, however, that the 
threshold value is set differently in the following cases. 

0084 Specifically, if the median M is greater than or 
equal to 128 (a half value of max graduation), and the 
cumulative number of pixels at the median M is 90% or 
greater than 90% of the total number of pixels, then pixels 
with a pixel value less than the median Mare set to Zero (0), 
and pixels with a pixel value greater than or equal to the 
median M are set to 1. 

0085. Further, if the median M is less than 128, and the 
cumulative number of pixels at the median M is 90% or 
greater than 90% of the total number of pixels, then pixels 

Nov. 29, 2001 

with a pixel value leSS than or equal to the median M are Set 
to Zero (0), and pixels with a pixel value exceeding the 
median M are set to 1. 

0086. In addition, if the cumulative number of pixels at 
the value (M--S/3: median M plus a third of deviations) is 
100% of the total number of pixels, then the threshold value 
is set to the median M. 

0087. By thus conditionally defining the threshold value 
used for the digitizing process, the resulting digital image 
will be closer to the original image. 

0088. When image normalization (S302) and digitizing 
(S303) are completed, the gray level co-occurrence matrix 
(GLCM) is calculated from the resulting image data. This 
starts by initializing the direction countern to 0 (S304). Note 
that the direction counter corresponds to the Scanning direc 
tions 0 used for gray level co-occurrence matrix calculation 
such that scanning direction 0=0 when n=0, 0=45 when 
n=1, 0=90 when n=2, and 0.135 when n=3. 

0089. It should be noted that texture orientation can be 
determined with greater directional precision by using a 
Smaller angle increment between Scanning directions. For 
example, if the angle increment used for gray level co 
occurrence matrix calculation is 10 degrees, the Scanning 
direction 0=0 when n=0, 0=10 when n=1, 0=20 when 
n=2, and So forth. This, however, increases the number of 
calculation processes that must be executed, and thus 
increases the processing time required. An increment of 45 
is therefore used in the present embodiment. 
0090 Then, the pixel distanced to be used for calculating 
the gray level co-occurrence matrix is initialized to 1 (S305). 
The gray level co-occurrence matrix is then calculated to 
distance d in direction n (S306). During this first pass 
through the calculation loop, therefore, the matrix is calcu 
lated to the first distance in the first direction. 

0091. It should be noted that the image processing system 
according to the present embodiment does not calculate the 
gray level co-occurrence matrix for every pixel in the entire 
image, but confines matrix calculation to pixels in a band of 
a predetermined width in the currently Selected Scanning 
direction. The predetermined band width is small enough 
relative to the image size to achieve high Speed processing, 
but large enough to obtain a meaningful gray level co 
occurrence matrix. It will be obvious that increasing the 
band width will improve the precision of the calculated 
matrix, while also slowing the proceSS because of the larger 
number of pixels that must be calculated. On the other hand, 
narrowing the band width will accelerate the proceSS but 
decrease the precision of the calculated matrix. 

0092. As noted above, the normalized image size is 
120x120 pixels in the present embodiment. The width of an 
exemplary Scanning band is therefore Set to 10 pixels. 
Referring to FIGS. 4A to 4D, this means that the scanning 
band in direction 0 (0=0) is a horizontal band 10 pixels 
wide passing from Side to Side through the center of the 
image. Likewise, the band in direction 1 (0=45) is a 
10-pixel wide band passing from the bottom left to the top 
right through the center of the image as shown in FIG. 4B; 
the band in direction 2 (0=90) is a 10-pixel wide band 
passing from the bottom to the top through the center of the 
image as shown in FIG. 4C; and the band in direction 3 
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(0=135) is a 10-pixel wide band passing from the bottom 
right to the top left through the center of the image as shown 
in FIG. 4D. 

0093. It should be noted, however, that the scanning band 
does not need to be a continuous band as shown in FIGS. 4A 
to 4D, and can be a band comprising a plurality of discon 
tinuous lines, line Segments, or bands insofar as they share 
a common directionality. For example, the Scanning band 
could comprising ten lines of discretely positioned Single 
pixels. If there is textural periodicity in the overall image, 
the periodicity will also be captured by Scanning Such 
discontinuous bands. 

0094) Next inertia I{S(d)} is calculated from the gray 
level co-occurrence matrix obtained in step S306 using 
equation (5) (S307). The calculated inertia IS(d)} value is 
then inserted to array Vald (S308). The distance d value is 
then incremented (S309). 
0.095 Next it is determined whether distance d exceeds a 
predefined maximum distance d. (S310). If it does, Step 
S311 is performed. If it does not, that is, if distance d is less 
than or equal to maximum distance des, the procedure goes 
back to step S306, and the loop from steps S306 to S310 
repeats until distance d exceeds maximum distance d. 
Note that maximum distance d is Set to a value approxi 
mately equal to half the image size in the present embodi 
ment. 

0096. After the array Vald has been filled with the 
values for all distances d in the Same direction, the minimum 
value of Vald is determined and the minimum value is set 
to inertia In in that direction (S311). 
0097. The direction counter n is then incremented (S312) 
to Specify the next Scanning direction. If the incremented 
countern does not exceed 3 (S313), the control loops back 
to step S305, and the steps from S305 to S313 are repeated. 
The proceSS ends once inertia values have been calculated 
for all directions n (n is greater than 3 in S313). 
0.098 By thus determining the inertia of an image in a 
particular direction using a gray level co-occurrence matrix, 
image features can then be extracted based on the calculated 
values of inertia. In the present embodiment, the periodicity 
of an image texture is extracted as a texture feature. It is 
known that when the values of inertia obtained from a gray 
level co-occurrence matrix are observed in the same direc 
tion, the inertia values at a particular distance d appear 
increasingly periodic as the periodicity of the texture 
becomes more pronounced. The value of inertia also 
approaches 0 at the distance d where image periodicity 
occurs. The image processing System according to the 
present embodiment therefore determines a threshold value 
for evaluating Spatial periodicity, and compares this thresh 
old value with the lowest value of inertia. If the lowest value 
of inertia is less than the threshold value, it is known that 
Spatial periodicity occurs in the image at the distance d 
yielding the lowest value of inertia. 
0099 FIG. 11 is a flow chart of the feature extraction 
process (S32) shown in FIG. 8. This process starts by 
Selecting the lowest value of inertia from the inertia value 
arrays IO to I3 in which the lowest value of inertia 
is stored for each scanning direction (S314). Then the 
Selected lowest value of inertia is compared with the thresh 
old value used for determining spatial periodicity (S315). If 
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the selected lowest value of inertia exceeds the threshold 
value (“No” in the step S315), a step S322 is performed. If 
not (“YES” in the step S315), a step S316 is performed. 
0100. In the step S316, the direction countern and period 
d corresponding to that lowest value of inertia are Stored as 
texture feature. Note that the period yielding the lowest 
inertia is called the “first period’ below. The direction and 
period of the corresponding texture feature are called the 
“first period features.” 
0101 The second lowest value of inertia is then selected 
from the arraySIO to I3 in which the lowest value of 
inertia is Stored for each of the four Scanning directions 
(S317). Then, this second lowest value of inertia is com 
pared with the threshold value used for determining Spatial 
periodicity (S318). If this second lowest value exceeds the 
threshold value (“No” in the step S318), a step S322 is 
performed. If not (“YES” in the step S318), a step S319 is 
performed. 

0102) In the step S319, the direction countern and period 
d corresponding to that value of inertia are Stored as texture 
feature. Note that the period yielding the second lowest 
inertia is called the “second period” below, and the direction 
and period of the corresponding texture feature are called the 
“second period features.” 
0103) Once the second period features are stored, the 
periodicity flag is set to “YES” (S320), the data is stored to 
the image database 50 (S321), and the procedure ends. Note 
that for the periodicity flag, “YES” indicates that spatial 
periodicity is present in the image, and “NO indicates that 
there is no spatial periodicity in the image. In the Step S322, 
the periodicity flag is set to “NO”. 
0104 Finally, the image data and periodicity flag are 
stored together to the image database 50 (S321), when 
Spatial periodicity is detected, the detected features are also 
stored to the image database 50. 
0105. As will be known from the preceding description, 
the image processing System of the invention obtains infor 
mation indicative of whether Spatial periodicity is present in 
the Scanned image, and Stores this information in the form 
of the above-noted periodicity flag. When periodicity is 
detected, the direction and period of a first period, and the 
direction and period of a Second period, are obtained and 
Stored as texture features. 

0106 Furthermore, while the first and second direction 
features alone are meaningful as texture features, the direc 
tion and period information can be used to extract a partial 
image that can be used as a pattern for generating image 
teXtureS. 

0107 The texture comparison and search process (S4 in 
FIG. 6) is described next with reference to a flow chart 
thereof in FIG. 12. When this process is invoked, a user 
Selects an image from an on-Screen Selection using a key 
board 3 or other input device for use as the search key (the 
“key image' below). The System then seeks images in the 
image database 50 having a texture feature with a Strong 
resemblance to the texture features of the key image, and 
displays the results on the display 2. 
0108 FIG. 12 is a flow chart of the texture comparison 
and search process. Referring now to FIG. 12, the texture 
information (TO) of the key image selected by user is loaded 
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from the image database 50 (S401). This texture information 
is Stored to the image database 50 at the time the image is 
Stored thereto, and includes the periodicity flag, first direc 
tion features, and Second direction features. It is determined 
whether there is any Spatial periodicity in the texture infor 
mation of the Selected key image by reading the periodicity 
flag set by the texture feature extraction process (S402). If 
there is no periodicity, the process ends. If there is, the 
record pointer i is moved to the top of the image database 50 
being searched (S403). 

0109 The texture information Ti of the image indicated 
by the record pointer i is then loaded from the image 
database 50 (S404). 
0110. Then it is determined whether there is spatial 
periodicity in the Selected image based on the periodicity 
flag in the texture information Til (S405). If there is spatial 
periodicity in the selected record, a step S406 is performed. 
If not, a step S409 is performed. 

0111. In the step S406, it is determined whether the image 
pointed by the record pointer and the key image are Similar. 
This determination is done based on a similarity between the 
texture information TO of the key image and the texture 
information Ti of the selected image record. The similarity 
is calculated using a method as described below. If the 
images are not similar, the record pointer i is incremented 
(S409). 
0112) If the images are similar, a thumbnail image is 
loaded (S407) and then displayed (S408) for the user on the 
display 2. 

0113. It should be further noted that the result of the 
Search and comparison operation can be displayed in various 
ways, including but not limited to the following: Simply 
displaying a thumbnail as described above, displaying the 
image title or name, displaying the file name and path to the 
original image from which a thumbnail image is generated, 
and displaying the Source from which the original image was 
obtained. It is also possible to count the number of similar 
images found, and display the counted number. 

0114. Then the record pointer i is incremented (S409). 
After that, it is determined whether there are any more 
records in the image database 50 to be compared with the 
key image (S410). If there are, the procedure loops back to 
step S404, and steps S.404 to S410 are repeated until the 
record pointer reaches the end of the image database 50. 
When all records in the database 50 have been accessed and 
compared, the procedure ends. 

0115) An exemplary method of calculating image Simi 
larity in S406 is described below using the direction and 
period of the first period feature and the direction and period 
of the second period feature. That is, similarity D between 
texture T0 of period (d(1).d(2),0) and texture Ti of period 
(d.(1).d(2),0) can be obtained from the following equation 

Min(Ro, R.) Y. 60 - 6, (7) a(E) + w('') D = 1 - Max(Ro, R) 90.0 
WA + Wa 
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0116 where 
0117 similarity increases as the calculated value of 
D increases, and 

0118 do(1) is the period of the first period of texture 
information T0 for the key image, 

0119) d(1) is the period of the first period of texture 
information Ti for the image being compared from 
the database, 

0120 do(2) is the period of the second period of 
texture information T0 for the key image, 

0121 d(2) is the period of the second period of 
texture information Ti for the image being compared 
from the database, 

0.122 0 is the angle of the direction of the first O 
period, 

0123 0, is the angle of the direction of the second 
period, 

0124 WA and We are weights used for determining 
Similarity, and 

0125 Ro and R are the aspect ratio of the pattern 
shape, and are defined by equations (8) and (9) 
below. 

Ro-do(2)/do(1) (8) 
Ri=d(2)/d; (1) (9) 

0.126 AS described hereinabove, an image data process 
ing apparatus according to a first embodiment of the present 
invention calculates a gray level co-occurrence matrix for an 
image band of a particular width from the original image 
data, and determines whether there is spatial periodicity (a 
feature of image texture) in the image data based on the 
obtained co-occurrence matrix. As a result, the Speed of the 
process extracting texture features from image data is 
improved. 

0127. It should be noted that the present invention shall 
not be limited to extracting texture features based on image 
data from a band-shaped region of a particular width. For 
example, image data along a single line can be used, or 
image data on a plurality of lines Separated with a specific 
distance can be used. 

0128. It must be further noted, however, that while pro 
cessing is extremely fast when only a single line of image 
data is used, this method can only be effectively used with 
certain types of images. This method is Suitable, for 
example, to Systems managing image data possibly having 
a Spatial periodicity, Such as a textile database of textiles 
having geometric patterns. 
0.129 Detecting image features using a plurality of image 
data lines Separated a specific distance also reduces the 
amount of data to process while enabling texture feature 
detection acroSS a relatively larger area of the image. 
0.130. An image data processing apparatus according to 
the present invention thus efficiently extracts image features 
by confining the feature extraction operation to image data 
within an image band of a defined width. 
0131 Furthermore, in the image data digitizing process 
preceding the feature extraction operation, by Setting the 
threshold value to a value offset a Specific amount from the 
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median pixel value of the pixel value distribution, images 
with minimal change in gradation occupying a large area of 
the image can be digitized without losing the essential 
original image features. As a result, image features can be 
more accurately extracted. 
0132 (Embodiment 2) 
0.133 An image processing System according to a second 
embodiment of the invention extracts a basic texture pattern 
appearing periodically in an image using a method that is 
independent of the pattern size and pattern irregularities, and 
Stores the extracted pattern as a feature of the image. Fast, 
accurate image comparison and Search is also made possible 
by comparing images on the basis of the extracted basic 
texture pattern. 

0134) The hardware configuration of the present embodi 
ment is the same as that of the first embodiment described 
above, and further description thereof is thus omitted below. 
0135 AS in the above-noted first embodiment, an image 
processing System according to the Second embodiment also 
has an image database containing the actual image data and 
additional information, Such as Search keys, for Storing and 
managing the image data. The image database is a logical 
Structure Stored on a hard disk 6 or other data Storage 
medium. An exemplary image database Structure used by 
this image processing System is shown in FIG. 13. 
0.136 The fields of an exemplary image database 50 used 
in this Second embodiment include “image data”, “key 
word”, “feature value 1' and “feature value 2". The image 
data field holds the image information being managed and 
manipulated. The keyword field holds one or more keywords 
used for text-based image Searches. The feature value 1 and 
2 fields hold feature values indicative of specific features in 
the image. Note that the feature value 1 field in the present 
embodiment Stores the pattern information and periodicity 
information (direction 0 and distance d) needed to identify 
a particular basic pattern in the image. 
0.137 The operation of an image data processing appa 
ratus according to the present embodiment is described next 
below with reference to the accompanying flow charts 
thereof. The main routine of the control program invoked by 
the present image processing System is shown in FIG. 14. 
0.138. The first step performed when this program is 
invoked is to initialize the various flags, Screen menus, and 
other required elements (S11). The menus and Screen ele 
ments shown on the display 2 are Substantially the Same as 
those described above and shown in FIG. 7. Further descrip 
tion thereof is thus omitted below. 

0139. After initialization (S11), it is determined whether 
the user made a Selection from the initial menu Screen 21 
(S12). If the "texture extraction' item 23 is selected, the 
texture extraction process (S13) is performed to extract 
texture features from the Specified image data and Store the 
extracted feature information to the image database 50. 
0140) If the “texture comparison and search' item 24 is 
Selected, the texture comparison and Search process (S14) is 
performed to compare the Specified image data with image 
textures stored to the image database 50 and select similar 
image data. 
0.141. If “other menu' item 25 is selected, the other menu 
process (S15) is performed. 
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0142. The control loop advances to perform the next 
operation (S16) once the texture extraction process (S13), 
texture comparison and Searching process (S14), or other 
process (S15) is completed, or if no menu is selected by the 
user (“NO” in the step S12). Once this other process is 
completed (S16), the control loops back to the step S12, and 
the proceSS repeats. 

0143. The texture extraction process (S13) and texture 
comparison and Searching process (S14) are described next 
in detail below. 

0144) The texture extraction process (S13) is described 
first with reference to a flow chart thereofshown in FIG. 15. 
Note that steps S501 to S503 in FIG. 15 correspond to steps 
S301 to S303 in the flow chart in FIG. 9, and step S504 
corresponds to steps S304 to S321 in FIGS. 9 and 10. 
0145 When the texture extraction process is invoked, the 
image data Selected by the user is loaded from the image 
database 50 (S501), and normalized (S502). Normalization 
here refers to adjusting the image to a Standard image size 
and shape as a means of reducing the image processing time 
and reducing noise. In the present embodiment, images are 
reduced to fit a 120x120 pixel area while retaining the 
original aspect ratio. 

0146 The normalized image data is then converted to a 
gray-Scale image and digitized (S503). Using the normal 
ized, gray-Scale, digital image data, the image is then 
analyzed to determine the periodicity of image textures 
(S504). 
0147 Periodicity is here defined as the repetition of a 
same pattern at a certain spatial interval (period or distance 
d) in a particular direction 0 with a frequency exceeding a 
certain threshold value. This periodicity characteristic can 
thus be represented by distance d and direction 0. Note that 
an image texture is determined to have no periodicity even 
if the distance d and direction 0 values can be calculated if 
the frequency of pattern repetition is low (that is, below a 
certain threshold). 
0.148 Texture analysis can also be accomplished using 
various methods known from the literature, including using 
a gray level co-occurrence matrix, gray level difference 
Statistics and a gray level runlength matrix. The image 
processing System according to the present embodiment is 
described below using a gray level co-occurrence matrix to 
obtain the distance d and direction 0 of any image textures. 
0149 Image texture periodicity is determined using a 
gray level co-occurrence matrix in each of four directions 0 
(0, 45, 90, and 135 degrees) passing through the image 
center. Note that a method of determining texture periodicity 
and direction using a gray level co-occurrence matrix is 
described in detail in "Basics of image recognition II: 
feature extraction, edge detection, and texture analysis” (in 
Japanese, by Mori Shunji et al.; Ohmsha) as cited in the 
discussion of related technologies and the above-noted first 
embodiment. Further description thereof is thus omitted 
below. 

0150. After the attributes of texture periodicity (that is, 
distance d and direction 0) are calculated, it is determined 
whether periodicity is present in the image texture (S505). 
0151 Exemplary criteria used for this determination in 
the present embodiment are whether the texture pattern 
occurs at a regular period in at least two directions. If 
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periodicity is detected in more than two directions, the two 
directions with the greatest periodicity, that is, the greatest 
frequency of appearance, are Selected as the directions in 
which periodicity is present. 

0152) If periodicity is not present (“NO” in step S505), 
the texture extraction process terminates. If periodicity is 
present (“YES” in step S505), the basic texture pattern is 
extracted from the image based on the two directions of 
periodicity selected in S505 (S506). An exemplary method 
of extracting the basic pattern is described next. 
0153 Let us assume, for example, that periodicity (direc 
tion 0, distance d) was detected at both (0, 3) and (45, 2) 
as a result of texture analysis. The basic pattern of the image 
texture is then extracted based on the detected directions and 
distances. The basic pattern in this case could be as shown 
in FIG. 16A. 

0154) To improve the precision of the pixel values of the 
extracted basic pattern, the method employed in the present 
embodiment Scans a detection area comprising nine pattern 
areas P1 to P9 as shown in FIG. 16B, each identical in shape 
and Surrounding a central pattern area P5 containing the 
center of the image. The pixel values of the basic pattern are 
then determined based on the values of the pixels in each of 
the scanning patterns P1 to P9. The pixel values of the basic 
pattern are determined by a Statistical proceSS Such as 
determining the average pixel value of all pixels at the same 
position in each of the scanning patterns P1 to P9, or 
Selecting the most frequently occurring pixel value at the 
same position in each of the Scanning patterns P1 to P9. 
O155 This process can be better understood with a spe 
cific example. In this example the value of each pixel in the 
basic pattern is determined from the values of the pixels at 
the same position in each of nine Scanning areas as shown 
in FIGS. 16B and 16C. Note that the pixel value assigned 
to a black pixel in FIG. 16C is “1”, and the pixel value of 
a white pixel is “0”. When the value of the pixel at the right 
end of the top row in each scanning pattern P1 to P9 is 
detected (refer to FIG.16C), the pixel value in pattern P3 is 
1 (black), and the pixel value in patterns P1, P2, and P4 to 
P0 is 0 (white). As a result, the value of the corresponding 
in the basic pattern is Set to 0, the most frequently occurring 
pixel value in the detected Scanning patterns. The result of 
this operation on all pixels in the basic pattern area is shown 
in FIG. 16D for the pixel values shown in FIG. 16C. 
0156 By thus determining the pixel values of the basic 
pattern from an area containing a plurality of patterns, a 
Slight amount of noise present in the area of the basic pattern 
candidate will be removed. An average basic pattern can also 
be obtained when there is distortion in the basic pattern. This 
distortion can occur, for example, as a result of perspective 
causing the near edge of a window to appear larger than the 
far edge of the window when the windows of a building are 
Viewed at an angle. 

0157. After the basic pattern is extracted in step S506, the 
basic pattern is normalized to a predetermined size and 
shape (S507). This normalization converts the basic pattern 
to an image 32 pixels Square, for example. Note that the 
pixel Size of the normalized image must be controlled So that 
the texture comparison and Search process (S14) can be 
completed quickly without losing the features of the basic 
pattern. 
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0158. The final basic pattern is then obtained (S508) by 
shifting the elements of the basic pattern to the center of the 
normalized basic pattern image So that the features of the 
image are not lost. If the basic pattern is obtained as a pattern 
A shown in FIG. 17 after normalization (S507), for 
example, the elements of the basic pattern are shifted to the 
image center to obtain a basic pattern as a pattern B. 
0159 Comparing textures having the same basic pattern 
is made easier by using the basic patterns obtained by 
shifting the basic pattern elements to the image center. This 
also makes it possible to identify textures having the same 
basic pattern when the area where the basic pattern was 
extracted differS Slightly in different images. A further 
advantage of this technique is that basic patterns are made 
more easily recognizable by human observers. A specific 
method of shifting the basic pattern elements is described in 
detail below. 

0160. After shifting the basic pattern elements (S508), 
the basic pattern and the position of the basic pattern (that is, 
the periodicity attributes used to extract the basic pattern at 
two periods) are Stored as the image texture features in the 
image database 50 with a correlation to the image data from 
which the basic pattern and attributes were extracted, and the 
process then terminates. The image data processing appa 
ratus according to the present embodiment thus extracts the 
basic texture pattern of an image as a Specific image feature, 
and Stores this feature information with the image data to the 
image database 50. 
0.161. A specific method of shifting the basic pattern in 
step S508 above is described next. 
0162 Briefly, pixels with a value of 1 in the basic pattern 
are defined as Significant pixels, and axes of rotation passing 
in two directions through the center of the normalized basic 
pattern are defined. The elements of the basic pattern are 
then shifted by rotation around these axes so that the 
moments of inertia in the axial directions of the basic pattern 
are minimized. This proceSS is described more specifically 
below with reference to FIG. 17. 

0163. In this example the basic pattern A is shifted to 
obtain the basic pattern B shown in FIG. 17. Note that the 
normalized size of the patterns in FIG. 17 is 8x8 pixels. 
0164. The first step is to determine the frequency of 
pixels with a value of 1 (that is, black pixels in this example) 
in both X and Y directions of the basic pattern. An array PX 
representing the frequency of “1” pixels counted column 
wise in the X direction is shown in FIG. 18. 

0.165. The moment of inertia IX when the basic pattern is 
rotated about an axis orthogonal to the X direction is then 
calculated as follows. The array PX (FIG. 18) is first 
divided in two. The array PX is then expanded by append 
ing the first half of the source array PX to the end and the 
Second half of the Source array PX to the beginning as 
shown in FIG. 18. The result is the expanded array Ext X. 
the moment of inertia IX is then calculated using this 
expanded array Ext X. 

0166 The moment of inertia IX is calculated for the 
normalized pattern size. Because the normalized size on the 
Xscale is 8 pixels, the data for the four pixels before and 
after the rotational axis are used to calculate the moment of 
inertia IX. This Same proceSS is used for the Y Scale. 
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0167 The axis of rotation is described next. The position 
of the axis of rotation in the expanded array Ext X when 
calculating the moment of inertia IX depends upon whether 
the pixel count of the normalized image is even or odd. The 
method of determining the location of the axis of rotation 
relative to the array Ext X is shown in FIGS. 19A and 19B 
for an even and an odd number of pixels in the normalized 
image. 

0168 When the pixel count is even, the axis of rotation 
is set between columns as shown in FIG. 19A. Otherwise, 
when the count is odd, the axis of rotation is Set at the middle 
of the middle column (pixel) as shown in FIG. 19B. In the 
case of the basic pattern shown in FIG. 18, therefore, the 
axis of rotation is set between columns as shown in FIG. 
19A because the normalized pixel count is even. 

0169. Referring again to FIG. 18, the location i of the 
axis of rotation in the array Ext X is sequentially shifted 
from position 0 to 7. The moment of inertia IX as calculated 
at each axis of rotation to determine the location i at which 
the moment of inertia IX is lowest. 

0170 After thus determining the location i of the axis of 
rotation at which the moment of inertia IX is lowest on both 
X and Y Scales, the difference between these locations and 
the center axes AX and Ay of the normalized basic pattern is 
determined. The elements of the basic pattern are then 
shifted toward the center by an amount equal to the calcu 
lated differences So that the basic pattern is concentrated in 
the middle. 

0171 The results of calculating the moment of inertia 
IX(i) are shown below. The moment of inertia IX(i) are 
calculated by using the four columns of data before and after 
the axis of rotation when the axis of rotation is Sequentially 
shifted through the expanded array Ext X shown in FIG. 
18. Note that (i) indicates the position of the axis of rotation 
along the X Scale. The values for the distance from the axis 
of rotation used below are the value shown in FIG. 19A. 

Ix(0) = 0x3.5 + 0 x 2.5 + 1 x 1.5 + 6 x 0.5 + (10) 
6 x 0.5 + 5 x 1.5 + 4 x 2.5 + 0x3.5° 

= 41.5 

lx(1) = 0x3.5° + 1 x 2.5 + 6 x 1.5 + 6x0.5 + (11) 
5 x 0.52 + 4 x 1.5 + 0 x 2.52 + 0 x 3.5? 

= 31.5 

lx(2) = 1x3.5°+6x2.5 + 6 x 1.5 +5x 0.5 + (12) 
4x0.5 + 0x 1.5 + 0x2.5 + 0x3.5° 

= 65.5 

Ox 0.5 + 0 x 1.5 + 0 x 2.52 + 1x3.5° 
= 135.5 

lx(4) = 6x3.5°+5x2.5 + 4 x 1.5 + 0x0.5 + (14) 
Ox 0.5 + 0 x 1.5 + 1 x 2.52 + 6x3.5° 

= 1935 
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-continued 

Ix(5)=5x3.5°+4x2.5 + 0x 1.5 + 0x0.5 + (15) 
0x0.5 + 1 x 1.5 + 6x2.5 + 6x3.5° 

= 199.5 

Ix(6) = 4x 3.5 + 0 x 2.5 + 0 x 1.5 + 0 x 0.5 + (16) 
1 x 0.5 + 6 x 1.5 + 6 x 2.52 + 5 x 3.5° 

= 1615 

Ix(7) = 0x3.5 + 0 x 2.5 + 1 x 1.5 + 1 x 0.5 + (17) 
6 x 0.52 + 6 x 1.52 + 5x 2.52 + 4 x 3.5? 

= 95.5 

0172 Based on the above calculations, the moment of 
inertia IX is lowest when the axis of rotation is at position 
i=1, that is, when the axis of rotation is between column 1 
and column 2 on the X scale. The difference between this 
axis of rotation and the center axis in this case is three pixels. 
Therefore, a shift by 3 pixels in the X scale direction is 
neceSSary. 

0173 The frequency array P Y for pixels with a value of 
one counted row-wise in the Y Scale direction, and the 
corresponding expanded array Ext Y, are shown in FIG.20. 
Similarly calculating the moment of inertia Iy(i) for posi 
tions i of 0 to 7 also indicates that the moment of inertia Iy(1) 
is lowest. Accordingly 3 pixel shift in the Y scale direction 
is therefore also necessary. 
0174) The basic pattern shown in FIG. 18 is obtained by 
then shifting the elements 3 pixels each toward the center on 
both the X and Y Scales based on the above-calculated shift 
distances. 

0.175. By thus shifting the significant image elements 
toward the center So that the moments of Inertia with respect 
to the axes through the center of the image are lowest, the 
basic pattern of the extracted image texture can be recog 
nized more easily irrespective of the position from which the 
image was extracted. 
0176). It will be obvious that while the basic pattern is 
shifted toward the image center So that the moment of inertia 
in the image is lowest, other methods of making the basic 
pattern more recognizable can be alternatively used. For 
example, it is also possible to shift a block with the highest 
feature value to the center. 

0177. The texture comparison and search process (S14) is 
described next below with reference to the flow chart thereof 
in FIG. 21. 

0.178 When this process is invoked, a user selects an 
image from an on-screen Selection using a keyboard 3 or 
other input device for use as the Search key (the "key image” 
below). The Search engine then seeks images in the image 
database 50 having a basic texture feature pattern with a 
Strong resemblance to the basic pattern of the texture fea 
tures of the key image, and displays the results on the display 
2. 

0179 Referring now to FIG. 21, the texture information 
of the user-Selected key image is loaded from the image 
database 50 (S601). This texture information is stored to the 
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image database 50 at the time the image is Stored thereto. 
This texture information includes the basic pattern of the 
image texture extracted in the above-described texture 
extraction process (S13) and other features of the image. 
0180. The record pointer i is then moved to the top of the 
image database 50 being searched (S602). 
0181. The texture information of the image indicated by 
the record pointer i is then loaded from the image database 
50 (S603). The similarity between the basic texture pattern 
of the key image and the basic texture pattern of the image 
loaded from the database is then calculated (S604). The 
method of calculating similarity is described further below. 
0182 Based on the calculated similarity, then, it is deter 
mined whether the image from the currently Selected data 
base record resembles the key image (S605). If not, the 
record pointer is incremented in step S608. 
0183) If there is a similarity (“YES” in the step S605), the 
image information for the current record indicated by the 
record pointer is loaded (S606), and the search results are 
displayed (S607), before incrementing the record pointer 
(S608). 
0184. Note that this image information can include the 
image data, the file name of the image data or the path to the 
address where the image is Stored, and other image 
attributes. 

0185. The search results can also be displayed in various 
ways, including but not limited to the following: Simply 
displaying a thumbnail image, displaying the image title or 
name, displaying the file name and path to the original image 
from which a thumbnail image is generated, and displaying 
the Source from which the original image was obtained. It is 
also possible to count the number of Similar images found, 
and display the image count. 
0186. After the record pointer is incremented (S608), it is 
determined whether there are any more records in the image 
database 50 to be compared with the key image (S609). If 
there are, the procedure goes back to Step S603, and Steps 
S603 to S609 are repeated until the record pointer reaches 
the end of the image database 50. When all records in the 
database 50 have been accessed and compared, the proce 
dure ends. 

0187. The texture comparison and search process 
described above is both efficient and accurate for image 
comparisons because the basic pattern information loaded 
from the image database 50 can be used as without further 
processing for image comparisons. This is possible because 
the basic pattern information extracted by the texture extrac 
tion proceSS is normalized and shifted to the image center 
before being stored to the database 50. 
0188 A example of calculating similarity between the 
key image and a comparison image in Step S604 above is 
described below. Image Similarity can be calculated by 
quantifying the proximity in two images between pixels with 
a gray level of 1. More Specifically, Similarity can be 
calculated using the three probability values P0, P1, and P2 
where: 

0189 P0: probability that there is a pixel with a gray 
level of 1 in the comparison image at the same 
position as a pixel with a gray level of 1 in the key 
image, 
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0.190 P1: probability that there is a pixel with a gray 
level of 1 in the comparison image occupying a 
position adjacent to the position of a pixel with a 
gray level of 1 in the key image; 

0191 P2: probability that there is a pixel with a gray 
level of 1 in the comparison image within a urban 
distance of 2 from the position of a pixel with a gray 
level of 1 in the key image. 

0.192 Using these parameters, similarity D can be calcu 
lated from the following equation: 

0193 where W0, W1, and W2 are the weights assigned to 
P0, P1, and P2, respectively, and W0>W1 >W2. The greater 
the value of D, the greater the similarity between the two 
images. The value of D is therefore compared with a 
predetermined threshold value to determine image Similar 
ity. That is, when D is greater than a particular threshold 
value, the comparison image is determined to be similar to 
the key image. 

0194 AS described above, an image data processing 
apparatus according to the present embodiment extracts a 
basic texture pattern based on the periodicity and direction 
of basic image elements, normalizes the extracted basic 
pattern, shifts the elements toward the center of the pattern, 
and then Stores the resulting basic pattern information as an 
identifying feature of the Source image. Images can then be 
compared on the basis of the basic texture patterns extracted 
therefrom to enable efficient image comparison and Search 
Ing. 

0.195 AS described above, an image data processing 
apparatus according to the present invention can extract the 
basic pattern of an image texture as a distinctive feature of 
the Source image based on the periodicity of the image 
teXture. 

0196. An image data processing apparatus according to 
the present invention also normalizes the extracted basic 
pattern to a specific size and shape. This makes it possible 
to compare images of different sizes and shapes, makes it 
easy to determine the Similarity between images, and 
improves the efficiency of image Searching and comparison 
proceSSeS. 

0.197 When the extracted basic pattern comprises a plu 
rality of elements, an image data processing apparatus 
according to the present invention shifts those elements as 
much as possible to the image center while retaining the 
features of the basic pattern. The resulting basic pattern is 
therefore easier to recognize, and the efficiency of image 
Searching and comparison processes is improved. 

0198 When searching for an image similar to a key 
image, an image data processing apparatus according to the 
present invention can also easily compare and determine 
whether two images are similar by evaluating image Simi 
larity based on the basic texture pattern extracted from the 
image. These processes can also be completed quickly and 
accurately by using the basic pattern information resulting 
from normalization to a specific size and shape, and shifting 
the basic pattern elements toward the image center. 
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0199 Although the present invention has been described 
in connection with the preferred embodiments thereof with 
reference to the accompanying drawings, it is to be noted 
that various changes and modifications will be apparent to 
those skilled in the art. Such changes and modifications are 
to be understood as included within the Scope of the present 
invention as defined by the appended claims, unless they 
depart therefrom. 

What is claimed is: 
1. An image data processing apparatus for processing 

image data of an image containing texture, Said image data 
processing apparatus comprising: 

a texture extraction controller for obtaining feature infor 
mation relating to Said texture from Said image data; 

a memory for Storing image data and the feature infor 
mation extracted by the texture extraction controller 
from the image data, Said image data and Said feature 
information being Stored with a defined relationship 
therebetween; and 

a comparison controller for comparing images based on 
the feature information Stored to Said memory. 

2. The image data processing apparatus according to 
claim 1, wherein Said feature information includes a basic 
pattern of a texture in the image, and arrangement informa 
tion relating to a position of the basic pattern in the texture. 

3. The image data processing apparatus according to 
claim 2, wherein Said basic pattern is detected based on 
periodicity in two directions in the image, and Said arrange 
ment information includes the period in these two directions. 

4. The image data processing apparatus according to 
claim 2, wherein the basic pattern is extracted Such that 
Significant pixels constituting the basic pattern are concen 
trated in a center part of the image. 

5. The image data processing apparatus according to 
claim 1, 

further comprising an input means for Selecting an image 
to be used as a Search key, 

wherein Said comparison controller Searches for image 
data Similar to the image Selected by Said input means 
by Sequentially comparing the feature information for 
Said Selected image by Said input means with the 
feature information of one or more images Stored to 
Said memory, based on a similarity between both fea 
ture information. 

6. An image data processing apparatus for processing 
image data of an image containing a texture formed by a 
basic pattern repeating at a specific period, Said image data 
processing apparatus comprising: 

a detection controller for detecting feature information 
relating to the basic pattern of the texture and to 
arrangement of the basic pattern based on the image 
data; 

a memory for Storing image data and the feature infor 
mation detected from the image data by Said detection 
controller, Said image data and Said feature information 
being Stored with a defined relationship therebetween; 
and 

a comparison controller for comparing images based on 
the feature information Stored to Said memory. 

7. The image data processing apparatus according to 
claim 6, wherein Said detection controller detects periodicity 
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in the image in two directions, and the arrangement infor 
mation relates to the detected period and direction. 

8. The image data processing apparatus according to 
claim 7, wherein the detection controller detects a basic 
pattern based on the detected periodicity in two directions. 

9. The image data processing apparatus according to 
claim 6, wherein the basic pattern is detected Such that 
Significant pixels constituting the basic pattern are concen 
trated in a center of the image. 

10. The image data processing apparatus according to 
claim 6, 

further comprising an input means for Selecting an image 
to be used as a Search key, 

wherein Said comparison controller Searches for image 
data Similar to the image Selected by Said input means 
by Sequentially comparing feature information for Said 
Selected image by Said input means with the feature 
information of one or more images Stored to Said 
memory, based on a similarity between both feature 
information. 

11. An image data processing apparatus for processing 
image data of an image containing a texture formed by a 
basic pattern repeating at a specific period, Said image data 
processing apparatus comprising: 

an image database for Storing image data for a plurality of 
images and feature information comprising a basic 
pattern and period of a texture in the image, Said image 
data and Said feature information being Stored with a 
defined relationship therebetween; 

an input means for Selecting an image to be used as a 
Search key for Seeking a desired image data from the 
image database; and 

a controller for determining a similarity between the 
image Selected by Said input means and the image 
Stored in Said image database by Sequentially compar 
ing the feature information for the image Selected by 
Said input means with the feature information Stored in 
the image database, and Seeking a desired image from 
Said image database based on Said Similarity. 

12. The image data processing apparatus according to 
claim 11, wherein the period of the feature information 
comprises periods in two directions in the image. 

13. The image data processing apparatus according to 
claim 11, further comprising: 

an image data generator for generating image data to be 
Stored to Said image database; and 

a database entry controller for extracting feature informa 
tion from image data generated by Said image data 
generator, and registering Said extracted feature infor 
mation with the image data in Said image database. 

14. A computer program product in a memory, Said 
computer program product comprising: 

a period detection control for detecting a period at which 
a basic pattern repeats in an image containing a texture 
formed by a basic pattern that repeats at a specific 
period based on image data for Said image, and 

an extraction control for extracting the basic pattern of the 
texture in Said image and the location of Said basic 
pattern based on the period detected by Said period 
detection Step. 

15. The computer program product in a memory accord 
ing to claim 14, further comprising: 
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a Storage control for Storing image data and feature 
information detected by Said extraction control to an 
image database, Said image data and Said feature infor 
mation being Stored with a defined relationship ther 
ebetween; and 

a Search control for Seeking a desired image in Said image 
database based on the feature information. 

16. A computer program product in a memory, Said 
computer program product comprising: 

an input control for entering a Search key used to Seek a 
desired image from an image database, Said image 
database Storing image data for a plurality of images 
and image feature information related to Said image, 
Said feature information relating to a basic pattern of an 
image texture in the associated image; and 

a Search control for Seeking an image in Said image 
database Similar to the image Selected as the Search key 
by referencing the feature information. 

17. The computer program product in a memory accord 
ing to in claim 16, wherein Said input control Selects desired 
image and the feature information for Said Selected image is 
Said Search key. 

18. An image data processing method comprising: 
a detecting Step for detecting a period of basic pattern 

repetition in image data for an image containing a 
texture pattern formed by a basic pattern repeating 
periodically, and 

an extracting Step for extracting the basic pattern and 
arrangement information thereof from said image data 
as feature information indicative of image features 
based on the period of basic pattern repetition detected 
in Said detecting Step. 

19. The image data processing method according to claim 
18, further comprising: 

a storing Step for Storing image data and feature informa 
tion extracted by Said extracting Step with a relationship 
therebetween in an image database; and 

a Searching Step for Searching a desired image from Said 
image database based on Said feature information. 

20. An image data processing method comprising: 
a Selecting Step for Selecting a Search key used to Seek a 

desired image from an image database; and 
a Searching Step for Seeking an image in Said image 

database Similar to the image Selected as the Search key 
by referencing the feature information, 

Said image database Storing image data for a plurality of 
images and feature information for Said images, Said 
image data and Said feature information being Stored 
with a defined relationship therebetween, Said feature 
information relating to a basic pattern of a texture in the 
asSociated image. 

21. The image data processing method according to claim 
20, wherein the feature information for an image Selected by 
Said Selecting Step is the Search key. 

22. An image data processing apparatus for processing 
image data for an image, Said image having a matrix pattern 
consisting of a plurality of pixels and a texture pattern, Said 
image data processing apparatus comprising 

an extraction controller for extracting feature information 
indicative of a texture using pixel data for pixels 
located in a Scanning band oriented in a predetermined 
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direction through the image, the Scanning band being a 
line or a band of a predetermined width. 

23. The image data processing apparatus according to 
claim 22, wherein Said extraction controller comprises: 

a calculation means for calculating a gray level co 
occurrence matrix for an image texture using pixel data 
for pixels located in a Scanning band oriented in a 
predetermined direction through the image, the Scan 
ning band being a line or a band of a specific width; and 

an extraction means for detecting image periodicity based 
on calculated results from Said calculation means, and 
extracting Said detected periodicity as an image feature. 

24. The image data processing apparatus according to 
claim 22, 

further comprising a digitizing means for digitizing gra 
dation data of multiple gradation levels, 

wherein the extraction means processes image data digi 
tized by Said digitizing means. 

25. The image data processing apparatus according to 
claim 24, wherein Said digitizing means digitizes using a 
value offset from a median value of a gradation distribution 
of pixels in Said image data. 

26. An image data processing method for processing 
image data for an image, Said image having a matrix pattern 
consisting of a plurality of pixels and a texture pattern, Said 
image data processing apparatus comprising 

an extracting Step for extracting feature information 
indicative of a texture using pixel data for pixels 
located in a Scanning band oriented in a predetermined 
direction through the image, the Scanning band being a 
line or a band of a predetermined width. 

27. The image data processing method according to claim 
26, wherein Said extracting Step comprises 

a calculating Step for calculating a gray level co-occur 
rence matrix for an image texture using pixel data for 
pixels located in a Scanning band oriented in a prede 
termined direction through the image, Said Scanning 
band being a line or a band of a predetermined width; 
and 

a step for detecting image periodicity based on calculated 
results from Said calculating Step, and extracting the 
detected periodicity as a feature of image. 

28. The image data processing method according to claim 
26, further comprising a digitizing Step for digitizing gra 
dation data of multiple gradation levels, wherein Said 
extracting Step processes image data digitized by Said digi 
tizing Step. 

29. The image data processing method according to claim 
28, wherein Said digitizing Step digitizes using a value offset 
from a median value of a gradation distribution of image 
data pixels. 

30. A computer program product in a memory for pro 
cessing image data for a image, Said image consisting of a 
plurality of pixels arranged in a matrix pattern and having a 
texture pattern, 

Said computer program product comprising an extraction 
control for extracting feature information indicative of 
an image texture using pixel data for pixels located in 
a Scanning band oriented in a predetermined direction 
through the image, the Scanning band being a line or a 
band of a predetermined width. 
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31. The computer program product according to claim 30, 32. The computer program product according to claim 30, 
wherein the extraction control further comprises: further comprising a digitizing control for digitizing grada 

a calculation control for calculating a gray level co- tion data of multiple gradation levels, wherein said extrac 
occurrence matrix for an image texture using pixel data tion control processes image data digitized by Said digitizing 
for pixels located in a Scanning band oriented in a control. 
predetermined direction through the image, the Scan- 33. The computer program product according to claim 32, 
ning band being a line or a band of a predetermined wherein said digitizing control digitizes using a value offset 
width; and from a median value of a gradation distribution of image 

a extraction control for detecting image periodicity based data pixels. 
on calculated results from Said calculation control, and 
extracting the detected periodicity as an image feature. k . . . . 


