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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a field of a computer application apparatus, especially an image processor
and an image processing apparatus using it.

[0002] Furthermore, more in detail, the present invention is related with template matching to extract a region re-
sembling a template image from an object image, and with moving-average filtering for an image data of each pixel,
which are executed by using pixels in a rectangular filtering region including the pixel, in an object image, the size of
the rectangular region being preset.

[0003] The present invention relates to a pattern recognition method and an apparatus using the method which are
used for positioning elements in a semiconductor apparatus, searching parts in a FA line, a remote sensing, and so forth.
[0004] In various fields using an image processing, a template matching method is used to search a partial area in
an image (referred to as a search image) obtained by a sensor, which resembles a specified image pattern (referred
to as a template). Such a template matching method is disclosed, for example, in "Image Analysis Handbook", by Mikio
Takagi and Akihisa Shimoda, University of Tokyo Press (1991). In a template matching method, it is often performed
that each pixel is represented by a n-bit data for expressing a multilevel gradation image data, and a normalised
correlation coefficient is used as a measure for a similarity of patterns. A normalised correlation coefficient r(i, j) is
expressed by the following equation in which t(m,n) (m=0, 1, ..., M-1; n =0, 1, ..., N-1) is a data value of a pixel in a
template, s(i+m, j+n)(m =0, 1, ..., M-1; n =0, 1, ..., N-1); and (i, j) is a starting point of a sub-image) is the sub-image
in a search image, of which a similarity to the template is to be evaluated, and P is the number of pixels in the template.
Equation (2)

N-1 M-1 . ) . 1 N-1 M-1 ) . N-1 M~1 N
22 sli+mj+n)- (L) - = Yo (si+m,j+n))- (3 D (i,
r(i.j) = n=0 m=0 _ P nomao =0 m=0
M =T = ] R T = 1
2 2 (s(i+m,j+n)? == (X Y s(i+mj+n)? - 15 D LD ~5(D 2 L)

(2).

[0005] In performing template matching, the above-described normalised correlation coefficient is obtained for each
of a plurality of sub-images, and one or plural sub-images which are determined to resemble a template are selected
in accordance with the obtained normalised correlation coefficients. A method using a normalised correlation coefficient
can perform template matching without receiving effects of variations between image data values of pixels in a template
image and those of pixels in a search image, the variation being caused, for example, by changes in lighting.

[0006] Since calculation steps or data amount to be calculated are very huge in a pattern matching method using
the above-mentioned normalised correlation coefficient, a method for efficiently obtaining a normalised correlation
coefficient has been investigated.

[0007] In one of existing methods for performing a template matching method at a high speed, absolute values of
differences between image data values of pixels in a template image and those of pixels in a sub-image to be processed,
of a search image, are accumulated while a normalised correlation coefficient is obtained for the sub-image, and the
process for calculating the normalised correlation coefficient is closed, if a sum of the accumulated absolute values
exceeds a preset threshold value.

[0008] In the above-mentioned existing measure, since the accumulated sum of absolute values of differences be-
tween image data values of pixels in a template image and those of pixels in a sub-image to be processed is used to
close a process for obtaining a normalised correlation coefficient, there exists a problem in which if variations of image
data values of pixels in a template image and those of pixels in a sub-image of a search image are caused, for example,
by changes in lighting, a process for obtaining a normalised correlation coefficient is wrongly closed for even a sub-
image which has a high similarity to the template image because of the large accumulated sum of absolute value of
the differences. In the following, this problem will be explained in detail with reference to Fig. 13 and Fig. 14.

[0009] Fig. 13 is an example of a template image, and Fig. 14 is an example of a search image for which a sub-
image resembling the template image is searched. In these figures, squares shows pixels, and values shown in the
squares indicate levels in gradation of images. The similarity between two images is to be determined, not based on
the nearness between absolute image data values of pixels in the two images, but on the nearness between relative
local changing tendencies in image data values of pixels in the two images. Therefore, a sub-image, in the search
image shown in Fig. 14, most resembling the template image shown in Fig. 13, is a sub-image shown at the right-upper
part in Fig. 14, which are composed of pixels 1403, 1404, 1405, 1408, 1409, 1410, 1413, 1414 and 1415. In fact, a
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normalised correlation coefficient between the template image and the sub-image is 1.0. However, the value in a
accumulated sum of absolute values of difference between image data values, which is used to close a process for
obtaining a normalised correlation coefficient in the existing methods, is 360 for the sub-image at the right-upper part,
and is much larger than 80 for a sub-image at the left-lower part, which is composed of pixels 1411, 1412, 1413, 1416,
1417, 1418, 1421, 1422 and 1423. Therefore, if a threshold value of the accumulated sum, which is set to close a
process for obtaining a normalised correlation coefficient, is preset to a value in a range 80 to 460, the sub-image at
the left-lower part is searched, but searching the sub-image at the right-upper part is closed in the midst. Hereupon,
the sub-image at the left-lower part is an image of a laterally striped pattern.

[0010] Furthermore, in many cases including the above example, it is difficult to set an adequate threshold value for
the above-mentioned accumulated sum.

[0011] Furthermore, an image processing technique is indispensable to fields using a microscope, medical equip-
ment, etc., and also to a remote sensing technique, an inspection technique of a product, etc. In image processing, a
filtering method to remove noise components, or to improve the quality of a processed image takes an important role,
and various algorithms for implementing filtering methods have been devised, and some of them have been incorpo-
rated into hardware systems.

[0012] A moving-average filtering method used as one of filtering methods performs filtering for an image data of
each object pixel in animage to be processed, by averaging image data values of pixels in a rectangular region including
the object pixel, the size of the rectangular (kernel size) being usually preset. In the following, outline of a moving-
average filtering method will be explained with reference to Figs. 35A and 35B. Hereupon, Fig. 35A is an image com-
posed of 9 pixels in the column direction (the lateral direction) x 8 pixels in the row direction. Numerals 211 - 289
indicate pixels. Fig. 35B shows an image obtained by executing moving-average filtering with a kernel size of 5 pixels
x 5 pixels, forimage data of pixels shown in Fig. 35A. Numerals 211' - 289' indicated pixels of which image data values
were filtered. For example, an image data value of a pixel 233' is an average value of image data values of pixels in
a region for 5 pixels in the row direction and 5 pixels in the column direction, in which the pixel 233 is centred, that is,
an average value of image data values of pixels 211, 212, 213, 214, 215, 221, 222, 223, 224, 225, 231, 232, 233, 234,
235, 241, 242, 243, 244, 245, 251, 252, 253, 254 and 255. Similarly, an image data value of a pixel 234' is an average
value of image data values of pixels in a region for 5 pixels x 5 pixels, in which the pixel 234 is centred, further an
image data value of a pixel 235' is an average value of image data values of pixels in a region for 5 pixels x 5 pixels,
in which the pixel 235 is centred, and so on. Thus, an image data value of each pixel in the image shown in Fig. 35B
has an average value of image data values of pixels in a region having the kernel size for 5 pixels x 5 pixels, in which
the corresponding pixel in the image shown in Fig. 35A is centred.

[0013] An efficient average-moving filtering method has been devised in Japanese Patent Laid-Open 51257/1995.
Fig. 36 shows a schematic block diagram of a system for implementing the devised average-moving filtering method
of JP-A-51257/1995. The system shown in Fig. 36 is composed of an image input device 3601 for inputting an image,
an image memory 3604 for storing image data of an input image, a calculation circuit 3602 for calculating an average
value of image data values of n pixels in the row direction, a memory 3603 for storing calculated average values for
pixels in the row direction, and a calculation circuit 3605 for obtaining a moving-average value by using the average
values stored in the memory 3603.

[0014] Image data of an image input by the image input device 3601 are stored in the image memory 3604, and the
calculation circuit 3602 obtains an average value of image data of n pixels in the row direction, in parallel to storing of
the image data. In the following, procedures to obtain a moving-average value by using data stored in the memory
3603 will be explained with reference to Fig. 37. In Fig. 37, numeral 2101 indicates a region for 5 pixels x 5 pixels,
which is to be presently processed for obtaining an moving-average value, and numeral 2102 indicates a region (re-
ferred to as kernel region) for 5 pixels x 5 pixels, which was previously processed to obtain an moving-average value.
Moreover, numerals 2103 and 2104 indicate two areas, each of the areas being composed of n (= 5) pixels in the row
direction, respectively. A position of a pixel centred in an kernel region changes from the most left position to the most
right position in the top row, in the image shown in Fig. 37, and the position of a centre pixel similarly changes in the
successive rows, and so forth. An moving-average value for the region 2101 is obtained based on the following relation:
a moving-average value for the region 2101 = a moving-average value for the region 2102 - (an average value for the
area 2103 - an average value for the area 2104)/(the number of lines in the region 2101).

[0015] The average values for the areas 2103 and 2104 shown in Fig. 37 are stored in the memory 3603 shown in
Fig. 36, and since the moving-average value for the region 2102 was obtained in the previous calculation step, the
value is held in the calculation circuit 3605. Therefore, the moving-average value for the region 2101 can be obtained
by reading the average values for the areas 2103 and 2104 out of the memory 3603 and using them.

[0016] Inthe above-mentioned conventional technique, when average values for every five pixels in the row direction
are written in the memory 3603, access of the memory 3603 can be performed by designating successive addresses
in the column direction. However, when the average values for the areas 2103 and 2104 are read out of the memory
3603 to obtain the moving-average value for the area 2101, it is necessary to perform access to the memory 3603 by
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designating discontinuous addresses.

[0017] Generally, a high frequency cycle mode, for example, a high speed page mode, is provided for a memory
such as a DRAM, a synchronous DRAM, etc., and it is possible to perform access to such a memory for successive
addresses at a high speed.

[0018] Therefore, if a DRAM or a synchronous DRAM is used for the memory 3603, although since it is possible to
perform access to the memory 3603 by designating successive addresses in the row direction, high-speed access to
the memory 3603 can be performed during a data write-in mode, high-speed access to the memory 3603 is difficult
during a data read-out mode, since access to the memory 3203 is performed by designating discontinue addresses.
[0019] EP-A-0 584 701 discloses a method with the steps included in the first part of claim 1. The pattern matching
circuit described in this document is intended to be simple and to permit high speed processing by roughly grasping a
position of the maximum correlation coefficient. The maximun is thus obtained with limited accuracy.

SUMMARY OF THE INVENTION

[0020] The object of the present invention is to provide an image processing apparatus using a template matching
method wherein it is possible to prevent an erroneous close of pattern matching, and easily to set an adequate threshold
value for closing of pattern matching.

[0021] This object is achieved by the method defined in claim 1 and by the apparatus defined in claim 6 which
performs the method.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

Fig. 1 is a flow chart showing a template matching method of an embodiment according to the present invention.
Fig. 2 is an illustration for conceptually explaining a method of obtaining a sum, and a sum of squares, of image
data values of pixels in a sub-image, according to the present invention.

Fig. 3 is an illustration for conceptually explaining a method of obtaining a sum, and a sum of squares, of image
data values of pixels in a sub-image, according to the present invention.

Fig. 4 is a flow chart of procedures implementing the method shown in Fig. 2 and Fig. 3.

Fig. 5 is an illustration for conceptually explaining another method of obtaining a sum, and a sum of squares, of
image data values of pixels in a sub-image, according to the present invention.

Fig. 6 is an illustration for conceptually explaining another method of obtaining a sum, and a sum of squares, of
image data values of pixels in a sub-image, according to the present invention.

Fig. 7 is a flow chart showing a template matching method of another embodiment according to the present inven-
tion.

Fig. 8 is a flow chart showing a template matching method of further another embodiment according to the present
invention.

Fig. 9 is a block diagram of a template matching part of an embodiment according to the present invention.

Fig. 10 is a block diagram of a calculator for obtaining a sum, and a sum of squares, of image data values of pixels
in a sub-image, in the template matching part.

Fig. 11 is a block diagram of an image processing system of an embodiment according to the present invention.
Fig. 12 is a block diagram of an image processing processor of the image processing system shown in Fig. 11.
Fig. 13 is an example of a template image.

Fig. 14 is an example of a search image.

Fig. 15 shows results in examination processing for continuing template matching of each sub-image and a thresh-
old value for closing the template matching.

Fig. 16 shows procedures of template matching for a colour image, in which the templates matching methods
according to the present invention are used.

Fig. 17 is a block diagram of a template matching apparatus of an embodiment according to the present invention.
Fig. 18 is a block diagram of a moving-average filter according to the present invention.

Fig. 19 is an example of a memory address map in an image memory used in the moving-average filter according
to the present invention.

Fig. 20A and Fig. 20B are diagrams for conceptually explaining an image to be processed and a processed image,
by means of the moving-average filter according to the present invention, respectively.

Fig. 21 is a diagram for conceptually explaining an algorithm used in the moving-average filter according to the
present invention.

Fig. 22 is a circuit block diagram of a calculation part of the moving-average filter according to the present invention.
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Fig. 23 is a diagram for conceptually explaining another algorithm used in the moving-average filter according to
the present invention.

Fig. 24 is a circuit block diagram of another calculation part of the moving-average filter according to the present
invention.

Fig. 25 is a circuit block diagram of another calculation part of the moving-average filter according to the present
invention.

Fig. 26 is a diagram for conceptually explaining another algorithm used in the moving-average filter according to
the present invention.

Fig. 27 is a circuit block diagram of another calculation part of the moving-average filter according to the present
invention.

Fig. 28 is a block diagram of a moving-average filter of another embodiment according to the present invention.
Fig. 29 is a block diagram of a moving-average filter of another embodiment according to the present invention.
Fig. 30 is a block diagram of a moving-average filter of another embodiment according to the present invention.
Fig. 31 is a circuit block diagram of another calculation part of the moving-average filter according to the present
invention.

Fig. 32 is a time chart for explaining operations of the moving-average filter according to the present invention.
Fig. 33 is a time chart for explaining operations of a conventional moving-average filter.

Fig. 34 is a schematic block diagram of an electron microscope system to which the moving-average filter according
to the present invention is applied.

Fig. 35A and Fig. 358 are diagrams conceptually explaining an image to be processed and a processed image,
by means of a conventional moving-average filter, respectively.

Fig. 36 is a block diagram of a conventional moving-average filter.

Fig. 37 is a diagram for conceptually explaining an algorithm used in a conventional moving-average filter.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0023] Various embodiments according to the present invention will be explained referring to the drawings. Fig. 1 is
a flow chart of processing for a template matching method in accordance with the present invention. In the following,
a template matching process, which is carried out, for example, by a general purpose computer, for a template image
shown in Fig. 13 and a sub-image of a search image shown in Fig. 14 will be explained. The template image and the
search image are input, for example, by an image scanner, and image data of the two images stored in an external
memory.

[0024] At first, the image data are read out of the external memory, and the data of the template and search images
are stored with an array type of t{(tm, n)(m=0,1,2;n=0,1,2)and s(i, j)(i=0, 1, ...,4;j=0, 1, ... 4), respectively, in
an internal memory of the computer (steps 101 and 102).

[0025] Next, a sum, and a sum of squares, of image data values of pixels in the template image (step 103). The sum
A, and the sum B of squares, of the image data values, are 230 and 6500, respectively. On the other hand, as to the
search image, a sum, and a sum of squares, of image data values are calculated for each of all partial areas in the
search image, which has the same size as that of the template image (hereafter, a partial area is referred to as a sub-
image) (step 104).

[0026] A method of efficiently obtaining a sum, and a sum of squares, of image data values for the template image
and the search image will be explained with reference to Fig. 2 - Fig. 6. A concept of improvement for obtaining the
above-mentioned sums are shown in Fig. 2 and Fig. 3. In Fig. 2, a sum G' of image data values for a present sub-
image 201 having the same size as that of the template image is equal to a value obtained by subtracting a sum U of
image data values for an area 203 from a sum G of image data values for a previous sub-image 202 which is located
at an area shifted from the present sub-image 201 in the reverse main scanning direction by one pixel, and by adding
a sum V of image data values for an area 204 to the subtraction result. That is, G' = G - U + V. Furthermore, as shown
in Fig. 3, a sum V of image data values for the area 204 is equal to a value obtained by subtracting a image data value
y of a pixel 206 from a sum W of image data values for an area 205 which is located at an area shifted from the area
204 in the upper direction by one line, and by adding a image data value z of a pixel 207 to the subtraction result, that
is, V=W -y + z. Therefore, it is possible to obtain the sum G' of image data values for the sub-image 201 by executing
fundamentally four times of addition and subtraction, if the sum G of image data values for the sub-image 202 and the
sum U of image data values for the area 203 are calculated in advance.

[0027] Fig. 4 is a flow chart of obtaining a sum of image data values for all sub-images in the search image, the size
of each sub-area being the same as that of the template image, and realising the concept shown in Fig. 2 and Fig. 3.
[0028] Atfirst, in order to obtain sums of image data values for (I - M + 1) sub-images corresponding to the respective
starting points (i, 0)(i= 0, 1, ..., I-M, where | is the number of pixels in the search image in the row direction, and M is
the number of pixels in the template image in the row direction), a sum of image data values for each area composed
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of pixels for 1 column and N rows is calculated (step 401), the number N being equal to that of rows in the template
image, further each area corresponding to a starting point (i, 0)(1 = 0, 1, ..., I-1). At first, by accumulating M sums of
image data values for M areas of pixels for 1 column and N rows, a sum of image data values for a sub-image corre-
sponding to a starting point (0, 0) is obtained (step 402) .Successively, sums of sub-images corresponding to starting
points (1, 0), (2, 0), ..., (I-M, 0) are obtained in turn, by adding a sum of image data values for an area of pixels for 1
column and N rows to a sum for a previous sub-area and subtracting a sum of image data values for another area of
pixels for 1 column and N rows from the sum for the previous sub-area, that is, adding a differential amount between
the above two sums to the sum for the previous sub-image (step 403).

[0029] Furthermore, in order to obtain sums of image data values for (I - M + 1) sub-images corresponding to the
respective starting points (i, 1)(i=0, 1, ..., I-M, where | is the number of pixels in the search image in the row direction,
and M is the number of pixels in the template image in the row direction), a sum of image data values for each area
of pixels for 1 column and N rows is calculated (step 405), the number N being equal to that of rows in the template
image, further each area corresponding to a starting point (i, 1)(I = 0, 1, ..., I-1).Each sum of image data values for
each area of pixels for 1 column and N rows'is obtained by making use of the already obtained sums of image data
values for areas corresponding to starting points (i, 0)(1 =0, 1, ..., I-1), and adding an image data value of a pixels to a
sum for a previous area and subtracting an image data value of another pixel from the previous area, that is, adding
a differential amount between the above two image data values to the sum for the previous area. By accumulating the
above-obtained M sums of image data values for M areas, each area being composed of pixels for 1 column and N
rows, a sum of image data values for a sub-image corresponding to a starting point (0, 1) is obtained (step 406).
Successively, sums of sub-images corresponding to starting points (1, 1), (2, 1), ..., (I-M, 1) are obtained in turn, by
adding a sum of image data values for an area of pixels for 1 column and N rows to a sum for a previous sub-area and
subtracting a sum of image data values for another area of pixels for 1 column and N rows from the sum for the previous
sub-area, that is, adding a differential amount between the above two sums to the sum for the previous sub-image
(step 407).

[0030] ForJ=2, ...,J-N, asum of image data values for each sub-image is also obtained by making use of previously
calculated results (step 405 - step 409), similarly for J = 1. Representing a sum of image data values for each sub-
image corresponding to a starting point (i, j) by C(i, j) in the search image shown Fig. 14, C(i, j)}(i=0,1,2;J=0, 1, 2)
are as follows.

(C(0, 0), C(0, 1), C(0, 2), C(1, 0), C(1, 1), C(1, 2), C(2, 0),C(2, 1), C(2, 2))

= (390, 580, 690, 270, 380, 470, 270, 310, 380)

[0031] In a process for obtaining a sum of scares of image data values for all sub-images in the search image,
squares of image data values of pixels in the respective template and search images are obtained, and a sum of
squares of image data values for each sub-image is further obtained by a process similar to the above-mentioned
process for obtaining sums of image data values for all sub-images. Representing a sum of image data values for each
sub-image corresponding to a starting point (i, j) by D(i, j) in the search image shown Fig. 14, D(i, j)(i=0,1,2; J =0,
1, 2) are as follows.

(D(0, 0), D(0, 1), D(0, 2), D(1, 0), D(1, 1), D(1, 2), D(2, 0),D(2, 1), D(2, 2))

= (20900, 44800, 58500, 9500, 20400, 30100, 8700, 1190, 19600)

[0032] Fig. 5 and Fig. 6 show another method of efficiently obtaining a sum, and a sum of squares, of image data
values. The method shown in Fig. 2 and Fig. 3 obtains a sum G' of image data values for the present sub-image 201,
based on a difference between a sum of image data values for the sub-image 201 and a sum of image data values for
the previous sub-image 202 shifted from the sub-image 201 in the reverse main scanning direction by one pixel. On
the other hand, the method shown in Fig. 5 and Fig. 6 obtains a sum of image data values for a present sub-image
501, based on a difference between a sum of image data values for the sub-image 501 and a sum of image data values
for a previous sub-image 502 shifted from the sub-image 501 in the upper row direction by one line.

[0033] Explanation returns to the flow chart shown in Fig. 1. At step 105, a threshold value E for closing evaluation
for a similarity of a processed sub-image is set. The set threshold value E is determined corresponding to a normalised
correlation coefficient. A normalised correlation coefficient takes a value in a range -1 to 1, and the values of -1 and 1
indicate that a processed sub-image does not resemble the template image at all, and that a processed sub-image
completely agrees with the template image, respectively. Since any value in the range -1 to 1 can be set as the threshold
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value, even a user of little experience can intuitively set the threshold value E. Moreover, it is possible to set the
threshold value before the start of the processing shown in Fig. 1. In this embodiment, it is assumed that the threshold
value E is set to 0.7.

[0034] The above explanation is as to a pre-processing, and in the pre-processing according to the presentinvention,
it is possible to obtain a sum, and a sum of squares, of image data values for each of the template image and the
search image by using image data which are obtained by scanning the respective template and search images at one
time. Next, a process for obtaining a normalised correlation coefficient is executed for a sub-image to be processed.
In the process, at first, a sub-image corresponding to a starting point (0, 0) is selected (step 106), and a threshold value
F (0, 0) for closing a process for evaluating a similarity of the sub-image is obtained, based on the following equation
3 (step 107).

. 2 S 2
Fi=8+D(i))- 2220 2 JB-A—- JD(LJ)-M @)
P P P
[0035] Next, a square of a difference between an image data value of each pixel in the template image and that of
a corresponding pixel in the sub-image is obtained in order, further a cumulative addition is performed for each obtained
square, and it is determined whether the result of the cumulative addition exceeds the threshold value F(0, 0) (step
108 - step 111). Since the result of the cumulative addition monotonously increases, if the result of the cumulative
addition exceeds the threshold value F(0, 0), results in successive cumulative addition processes can not decrease
from the threshold value F(0, 0). Therefore, when the result of the cumulative addition exceeds the threshold value F
(0, 0), the process for estimating a similarity of the sub-image to the template image is closed, and a process for
estimating a similarity of a next sub-image is started. When calculation for a sum of squares of differences between
image data values of all pixels in the sub-image and those of all pixels in the template image is completed, if the sum
does not exceed the threshold value F(0, 0), a normalised correlation coefficient between the sub-image and the tem-
plate image is more than 0.7, and the starting point (0, 0) of the sub-image is registered. Fig. 15 shows a threshold
value F(i, j) for a sub-image corresponding to a starting point (i, j), and results of the cumulative addition of squares of
differences between image data values of pixels in the sub-image and those of pixels in the template image. For
example, as to the sub-image corresponding to a starting point (0, 0), since an image data value of the first pixel of
the sub-image is 30, and that of the corresponding first pixel of the template image is also 30, a sum of a square of a
difference between an image data value of the pixel of the sub-image and that of the pixel of the template image is 0O,
and the sum does not exceed the threshold value F(0, 0). Therefore, successively cumulative addition for squares of
the differences is continued. As for the sixth pixels in both images, since the result of cumulative addition is 5700, and
it exceeds the threshold value F(0, 0) (= 5258), cumulative addition for pixels from the seventh pixels are not performed,
and processing of the next sub-image is started.
[0036] In results shown in Fig. 15, as to sub-images corresponding to start points (0, 1), (1, 0), (1, 1), (1, 2), (2, 0),
(2, 1) and (2, 2), results of cumulative addition exceed the threshold values F at the ninth, third, sixth, sixth, seventh,
seventh and seventh pixels, respectively. On the other hand, the result of cumulative addition for all pixels in a sub-
image corresponding to a starting point (0, 2) does not exceed its threshold value F. The coordinate (0, 2) which is the
starting point of the above sub-image is registered.
[0037] As mentioned above, by setting a threshold value E for a normalised correlation coefficient, it is possible,
automatically to extract a sub-image which has a correlation coefficient more than E with the template image. Further-
more, template matching can be performed at a high-speed, since the cumulative addition is not always carried out
for all pixels in a sub-image.
[0038] Furthermore, since coordinates of starting points for sub-images which are determined to match the template
image are registered, itis possible to indicate a region matching the template by enclosing the region with a conspicuous
line in the search image displayed on a CRT connected to, for example, a general purpose computer, to an operator.
Hereupon, if a plurality of sub-images are determined to match the template image, in order to select a sub-image
most matching to the template image, normalised correlation coefficients of the pertinent sub-images are calculated,
and a sub-image having the largest normalised correlation coefficient is selected.
[0039] Fig. 7 shows another embodiment according to the present invention. A flow chart in Fig. 7 shows a modifi-
cation of the template matching method shown by the flow chart in Fig. 1. Mentioning more in detail, the following step
is added to the procedures shown in Fig. 1, that is, if a normalised correlation coefficient calculated for a sub-image is
larger than a previously value set to E, the value of E is replaced with the normalised correlation coefficient calculated
at this time. Each normalised correlation coefficient is obtained by the following equation 4.
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where A: a sum of image data values for the template image, B: a sum of squares of image data values for the
template image, C(i, j): a sum of image data values for a sub-image corresponding to a starting point (i, j), D(i, j): a
sum of squares of image data values for a sub-image corresponding to a starting point (i, j), E: the threshold value for
a normalised correlation coefficient, G(i, j): a sum of squares of differences between image data values of pixels in the
template image and those of pixels in a sub-image corresponding to a starting point (i, j), andP: the number of pixels
in the template image.
[0040] Inthe above equation, r(i, j) is a normalised correlation coefficient for a sub-image corresponding to a starting
point (i, j).
[0041] In accordance with the method of this embodiment, it is possible, automatically to search and obtain a sub-
image having the largest normalised correlation coefficient in the search image. Furthermore, even if an adequate
value of E is not known, it is possible by this method to search and obtain a sub-image having the largest normalised
correlation coefficient finally.
[0042] Fig. 8 shows another embodiment according to the present invention. A flow chart in Fig. 8 shows a modifi-
cation of the template matching method shown by the flow chart in Fig. 1. In this method, sums, and sums of squares,
ofimage data values of all pixels in the template and a sub-image to be processed are obtained right before a normalised
correlation coefficient between the template image and the sub-image is obtained. In accordance with procedures in
the method shown in Fig. 8, it is possible to reduce the capacity of a memory, for storing sums, and sums of squares,
of image data values of all pixels in the template and a sub-image to be processed.
[0043] In the above explanation, one template image is used in template matching. However, the above-mentioned
methods are applicable to template matching in which a plurality of template images are used. For example, those
methods are applicable to template matching for colour images.
[0044] Fig. 16 shows a template matching method of processing colour images. At first, image data of the template
image and the search image are taken in from the external memory, for each colour component of R (red component),
G (green component) and B (blue component) (step 1601). For the taken-in image data of both images, the above-
mentioned template matching method is applied to image data of the template image and a sub-image for each colour
component of R, G and B, and a sub-image having a large normalised correlation coefficient is extracted for each
colour component (step 1602). Based on the extracted sub-images for three colour components, the optimal sub-image
is finally determined (step 1603). That is, a sub-image corresponding to the most points among the starting points for
the extracted sub-images is finally determined to be as the optimal one.
[0045] Hereupon, it is possible to set the threshold value E commonly for three colour components R, G and B, or
for each colour component. A threshold value E setting way adequate to an object image is to be selected. For example,
a threshold value E is not set for a specific colour component.
[0046] Fig. 17 shows a diagram of an apparatus in which the template matching method according to the present
invention is implemented. The apparatus is composed of CPU 1701 which sends a control signal to start a template
matching part 1702, the template matching part 1702 taking in image data of the template image and the search image,
and performing template matching for the template image and the search image, an image memory 1703 for storing
the taken-in image data of the template image, and an image memory 1704 for storing the taken-in image data of the
search image. Fig. 9 shows a block diagram of the template matching part 1702. Numerals 903 and 904 indicate
address generators for generating read-addresses at the image memories 1703 and 1704, respectively, numeral 905
indicates a selector for selecting and outputting one of data read out of the image memory 1703 and the image memory
1704, and numerals 906 and 907 indicate a multiplier and a selector, respectively. Numerals 908 and 909 indicate an
adder and a register, respectively, and cumulative addition is performed by using the adder 908 and the register 909.
Numeral 910 indicates a calculator for efficiently calculating a sum, and a sum of squares, of image data values of
pixels in a sub-image of the search image.
[0047] Numerals 915, 916, 917, 918, 919 and 920 indicate registers for storing the number of pixels in the template
image, a threshold value E for a normalised correlation coefficient, a sum of image data values of pixels in the template
image, a sum of squares of image data values for the template image, a sum of image data values of pixels in a sub-
image to be processed, and a sum of squares of image data values for the sub-image, respectively. Representing the
respective values stored in the registers 915, 916, 917,918,919 and 920 by P, E, A, B, C and D, numeral 921 indicates
a calculator for calculating the following equation 5 for the values P, E, A, B, C and D, and numeral 922 indicates a
register for storing the result of the calculation executed by the calculator 921. Moreover, numerals 911, 912, 913 and
914 indicate a subtracter, a multiplier, an adder, and a register for storing an interim result of calculation executed in
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[0048] Numeral 923 indicates a comparator for comparing an interim result stored in the register 914 with a threshold
value stored in the register 922, and outputting a control signal to close a process for evaluation of a similarity for a
present sub-image and to start a process for evaluation of similarity for the next sub-image.

[0049] Template matchingin which the apparatus shown in Fig. 9 is used is executed in accordance with the following
procedures. At first, image data of the template image and the search image, which are input by means of a sensor,
etc., are stored in the image memories 1703 and 1704, respectively. Moreover, the number of pixels in the template
image, and the threshold value for a normalised correlation coefficient, which are sent from CPU 1701, are stored in
the respective registers 915 and 916. Next, CPU 1701 controls the selectors 905 and 907 so that image data stored
in the image memory 1703 are input to the adder 908. An image data of each pixel in the template image is read out
one by one, by means of the address generator 903, and a sum of image data values of all pixels in the template image
is obtained by cumulative addition executed by a pair consisting of the adder 908 and the register 909. The result of
cumulative addition is stored in the register 917. Similarly, CPU 1701 controls the selectors 905 and 907 so that a
square of a value of each image data stored in the image memory 1703 is input to the adder 908. An image data of
each pixel in the template image is read out one by one, by means of the address generator 903, and a sum of squares
of image data values of all pixels in the template image is obtained by cumulative addition executed by a pair consisting
of the adder 908 and the register 909. The result of cumulative addition is stored in the register 918.

[0050] Furthermore, CPU 1701 controls the selectors 905 and 906 so that image data stored in the image memory
1704 are input to the adder 910. An image data of each pixel in the search image is read out one by one, by means
of the address generator 904, and a sum of image data values of all pixels in a sub-image to be processed, of the
template image, is calculated. The result of calculation is stored in the register 919. Similarly, CPU 1701 controls the
selectors 905 and 907 so that a square of a value of each image data stored in the image memory 1704 is input to the
adder 910. An image data of each pixel in the template image is read out one by one, by means of the address generator
904, and a sum of squares of image data values of all pixels in the sub-image of the search image is calculated. The
result of the calculation is stored in the register 920. The calculator 921 calculate equation 5 using the values stored
in the registers 915, 916, 917, 918, 919 and 920. The result of the calculation executed by the calculator 921 is stored
in the register 922 as a threshold value used for closing a process for evaluation of a similarity for the sub-image to
be processed.

[0051] The above-mentioned processing is a pre-processing in a process for obtaining a normalised correlation
coefficient between a sub-image to be processed and the template image. In the process for obtaining a normalised
correlation coefficient, image data are read out one by one for each pixel of the template image from the image memory
1703, and for each pixel of a sub-image to be processed from the image memory 1704. Furthermore, cumulative
addition is performed for a square of each difference between an image data value of each pixel in the processed sub-
image and that of a corresponding pixel in the template image, and the result of cumulative addition is stored in the
register 914. The comparator 923 compares the result of cumulative addition, which is stored in the register 914, with
the threshold value stored in the register 922, and outputs a signal corresponding to the result of the comparison.
Hereupon, if the result of cumulative addition, which is stored in the register 914, exceeds the threshold value stored
in the register 922, a sum, and a sum of squares, of image data values of pixels in the next sub-image neighbouring
the present sub-image are stored in the registers 919 and 920, respectively. Furthermore, a threshold value used for
closing a process for evaluation of a similarity for the next sub-image is stored in the register 922, and the addresses
stored in the address generators 903 and 904 are changed to the address of the starting pixel in the template image
and an address of a starting pixel in the next sub-image, respectively. At the same time, the changes of the addresses
in the address generators 903 and 904 are informed to CPU 1701.

[0052] Fig. 10 shows a block diagram of the calculator 910. Numeral 1000 corresponds to the calculator 910. The
calculator 1000 includes a line memory 1001 having lines of at least the same number as that of lines in the template
image, of which each line has the capacity of at least the same number as that of pixels in each line of the search
image, subtracters 1002 and 1005, adders 1003 and 1006, a line memory having one line which has the capacity of
at least the same number as that of pixels in each line of the search image, a register 1007, a memory 1008 for storing
a calculation result, and an address generator generating an address used for executing an access to the memory
1008. When a process of evaluating a similarity for a sub-image is started, the line memories 1001 and 1004, and the
register 1007 are initialised, that is, the value of 0 is set to those line memories and register.

[0053] Operations in which a sum of image data values of pixels in a sub-image of the search image is calculated
by the calculator 1000 shown in Fig. 10 will be explained with reference to Fig. 2 and Fig. 3. At first, image data of the
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search image are input to the calculator 1000 in the order of rasher scanning. An image data (referred to as z) input
to the calculator 1000 is stored in the line memory 1001, and is input to the subtracted 1002. Hereupon, it is assumed
that a present image data input to the calculator is an image data of a pixel 207 shown in Fig. 3. The computer reads
an image data (referred to as y) from the line memory 1001, which is stored at the same column as that at which the
data z is stored, in a line positioned upper by N lines from a line in which the image data z is stored, and inputs the
image data y to the subtracted 1002. The data y is an image data of a pixel 206 shown in Fig. 3. If a pixel corresponding
to the data y does not exist in the search image, the value of 0 is set to the initial value for y. The subtracter 1002
executes a calculation of (z - y). The line memory 1004 stores M sums for one line, each being a sum of image data
values of pixels in an area of 1 column and N rows. The adder 1003 adds the value (z - y) calculated by the subtracter
1002 to a sum (referred to as W) of image data values of pixels in the area 205 shown in Fig. 3, and outputs the results
of the addition as a sum (referred to as V) of image data values of pixels in the area 204 shown in Fig. 2. Image data
output from the adder 103 are stored in the line memory 1004, and input to the subtracted 1005. The subtracted 1005
subtracts a sum (referred to as U) of values of image data read out of the line memory 1004, of pixels in the area 203
shown in Fig. 2, from the above value V, and outputs the result of the subtraction. The adder 1006 calculates a sum
of image data values of pixels in the sub-image 201 shown in Fig. 2, by adding the above-mentioned result of the
subtraction to a sum (referred to as G) which is stored in the register 1007, of image data values of pixels in the sub-
image 202 shown in Fig. 2. The calculated sum of image data values for the sub-image 201 is stored in both of the
memories 1007 and 1008.

[0054] Next, at every read-out process of a image data value of each pixel in the search image, calculation of a sum
of image data values for the next sub-image is repeated, and the result of calculation is stored in the memory 1008.
Similarly, calculation of a sum of squares of image data values for the sub-image is carried out. A normalised correlation
coefficient for the sub-image is calculated by using a sum, and a sum of squares, of image data values for the sub-
image, which are read out of the memory 1008 by means of the address generator 1009, and are stored in the registers
919 and 920 shown in Fig. 9.

[0055] Fig. 11 shows a block diagram of an image processing system. The image processing system includes an
image processing processor 1101, a host processor 1102, a sensor 1103 and a monitor 1104. Fig. 12 is a detailed
block diagram of the image processing processor 1101. As shown in Fig. 12, the image processing processor 1101 is
composed of image memories 1201 and 1202, a template matching part 1203, an image pre-processing part for per-
forming processes such as a image data filtering process, an image input processing part 1205 for outputting image
data input from a terminal 1209 to a write-bus 1214, an image display processing part 1206 for outputting image data
from a read bus 1212 to a terminal 1210 as image signals, a host interface 1207 for managing signal transmission
between the image processing processor 1101 and the host processor 1102, and a bus control part 1208 for managing
a data or address transmission bus control between the image memories 1201 and 1202, and the above-mentioned
processing parts or the interface.

[0056] The template matching part 1203 includes the same elements as those shown in Fig. 9 other than the address
generators 903 and 904, and the bus control part 1208 takes charge of the functions of the generators 903 and 904.
[0057] The image processing processor 1101 corresponds to the composition indicated by numeral 1200 shown in
Fig. 12. Moreover, the sensor 1103, the monitor 1104 and the host processor 1102 are connected to the terminals
1209, 1210 and 1211, respectively.

[0058] Before template matching, image data of the template image and the search image are stored in the image
memories 1101 and 1102. Image data of the template image are taken in by the sensor 1103, and stored in the memory
1201 or 1202, via the terminal 1109, the image input processing part 1206, the write bus 1214 and the bus control part
1208, or image information of the template image stored in the host processor 1102 are sent and stored in the image
memory 1201 or 1202, via the terminal 1211, the host interface 1207 and the bus control part 1208. Furthermore, image
data of the template image taken in by the sensor 1103 are stored in the image memory 1201 or 1202, via the terminal
1109, the image input processing part 1206, the write bus 1214 and the bus control part 1208.

[0059] Generally, since image data of the template image and the search image include noise components, pre-
processing such as filtering is performed for the image data to remove the noise components. That is, image data of
the template image and the search image are read out of the image memory 1201 or 1202, via the bus control part
1208, and the read-buses 1212 or 1213, and the image pre-processing part 1204 implements an adequately pre-
processing for the image data The image data to which the pre-processing was applied are stored in the image memory
1201 or 1202. The procedures for pre-processing of the image data are set in the pre-processing part 1204 from the
host processor 1102 via the terminal 1211 and the host interface 1207. Results of the pre-processing are displayed on
the monitor 1104 via the bus control part 1208, the write-bus 1214 and the image display processing part 1206, and
the results can be confirmed on the monitor 1214.

[0060] The template matching part 1203 reads image data of the template image and the search image from the
image memory 1201 or 1202 via the bus control part 1208, and performs template matching for the search image by
calculating a normalised correlation coefficient for each sub-image of the search image. Hereupon, starting points for
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sub-images having a large similarity to the template image are stored in accordance of results in the comparison
explained with reference to Fig. 9, and after processing for all sub-images of the search image are finished, information
on the above-mentioned starting points is sent to the host processor 1102.

[0061] Inthe above-explained embodiments, all calculations are executed by the image processing processor 1101.
However, it is possible that the host processor 1101 executes complicated calculations such as a calculation of each
threshold value.

[0062] In accordance with the present invention, it is possible to performs template matching in which a normalised
correlation coefficient is used, without erroneously excluding a sub-image having a large similarity to the template
image, at a high speed.

[0063] In the following, a moving-average filter according to the present invention will be explained. A hardware
composition of an image processing apparatus including the moving-average filter is first explained with reference to
Fig. 18. The image processing apparatus includes an image input device 1801 for inputting an image, animage memory
1802 for storing image data of the input image, an image processor 1800 for performing image processing, and an
image memory 1805 for storing image data of the image, which are processed by the image processor 1800. Moreover,
the image processor 1800 includes a line memory 1803 for holding image data of pixels in one line of the image, a
calculation part 1804 for implementing one of later-explained algorithms, and a memory control part 1810 for controlling
access to the image memory 1802 and the line memory 1803.

[0064] In Fig. 18, the memory control part 1810 designates an address for each pixel to the memory 1802, and an
image data of the pixel, which is output from the image input device 1801 via a transmission line 1801 a, is stored at
the designated address of the memory 1802. Furthermore, the memory control part 1810 transmits an instruction for
reading each image data to be processed, together with an address of the image data, and the image data read from
the address of the memory 1802 is output to the line memory 1803 and the calculation part 1804. The line memory
1803 holds image data of pixels by the amount for one line pixels of the image, which are stored in the memory 1802.
The line memory 1803 is composed by using, for example, a shift register. Thus, the line memory 1803 is controlled
to hold image data of pixels in one line of the image, and the memory 1803 receives one image data from the image
memory 1802 and outputs one image data to the calculation part 1804 via a transmission line 1802a. The calculation
part 1804 receives an image data of each pixel, which is output from the image memory 1802, and an image data of
each pixel, which is output from the line memory 1803, and implements one of later explained algorithms. The result
of the implementation is stored in the memory 1805 via a transmission line 1804a.

[0065] Fig. 19 shows a memory address map of the image memory 1802. The image memory 1802 is composed by
using, for example, a SDRAM (synchronous DRAM), and image data of pixels in the image are stored in the image
memory 1802, according to the address map shown in Fig. 19. That is, the image memory 1802 composed by using
a DRAM, a SDRAM, etc., has the capacity of image data for an area of m rows and n columns, where n and m are
natural numbers. Usually, access to a DRAM or a SDRAM is performed by designating a row address and a column
address. In Fig. 19, the row address is expressed by m, and the column address is expressed by n. In an embodiment
of the present invention, the memory control part 1810 executes a memory access control wherein since a high fre-
quency cycle mode such as a high speed page mode can be used by designating a row address and a plurality of
successive column addresses, it becomes possible to realise a high-speed image data write-in to the image memory
1802 and a high-speed image data read-out of the image memory 1802. Hereupon, each image data is expressed,
for example, by an eight-bit data.

[0066] Fig. 20A shows an image which is expressed by an area of 9 pixels in the row direction and 8 pixels in the
column directions. Numerals 211 - 289 indicate respective pixels in the image. The memory control part 1810 controls
image data write-in and image data read-out by designating addresses of the image data in the image memory 1802.
In image data read-out processing, addresses for all pixels in every one line of the image are designated at one time,
and image data corresponding to the designated address are continuously read out. In accordance with this embodi-
ment, for the image shown iri Fig. 20A, it is possible that after nine image data from an image data of the most left pixel
211 to an image data of the most right pixel 219 in the top line are read out in turn, nine image data of pixels in another
line, for example, image data of pixels 261 - 269 in the sixth row, are read out in turn. Moreover, Fig. 20B shows an
image, in which pixels are indicated by numerals 211" to 289', obtained by performing a moving-average filtering process
for a kernel region of 5 pixels x 5 pixels, of the image shown in Fig. 20A. The position of a central pixel in the kernel
area is changed from 211 to 219 in the row direction, next from 221 to 229, further from 231 to 239, and so forth.
[0067] In the following, an algorithm of moving-average filtering used in this embodiment will be explained with ref-
erence to Fig. 21. In Fig. 21, numeral 2101 indicates a region of which a moving-average (referred to as present region
average value) is presently to be processed, and the present region average value is expressed by B. Numeral 2141
indicate a pixel located at the most right and lowest position in the kernel region 2101, and an image data value of the
pixel 2141 is expressed by A. Numeral 2102 indicate a kernel region set at the position upper by one line from the
kernel region 2101, and a moving-average of the kernel region 2102 is expressed by B' which was obtained previously
by one line to the moving-average B. Numeral 2103 indicate an upper line area in the top line in the kernel region 2102,
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and a sum of image data values of pixels in the upper line area 2103 is expressed by C. Numeral 2104 indicate a lower
line area of the bottom line in the kernel region 2101, and a sum of image data values of pixels in the line area 2104
is expressed by D. Numeral 2145 indicate a pixel located at the most right and top position in the kernel region 2102,
and an image data value of the pixel 2141 is expressed by E. Numeral 2153 indicates an upper line area obtained by
shifting the upper line area 2103 by one pixel in the left direction, and a sum of image data values of the upper line
area 2153 is expressed by C'. Numeral 2154 indicates a lower line area obtained by shifting the lower line area 2104
by one pixel in the left direction, and a sum of image data values of the lower line area 2154 is expressed by D'. Numeral
2151 indicates a pixel located at the most left position in the lower line area 2154, and an image data value of the pixel
2151 is expressed by A'. Numeral 2155 indicates a pixel located at the most left position in the upper line area 2153,
and an image data value of the pixel 2153 is expressed by E'.

[0068] In an algorithm used for this embodiment according to the present invention, the moving-average value B to
be presently obtained is calculated by adding (the sum D of image data values of the lower line area - the sum C of
image data values of the upper line area)/(the number N of pixels in the kernel region for moving-average filtering) to
the moving-average value B' of the region 2102 set at the position upper by one line from the region 2101. Furthermore,
the value (the sum D of image data values of the lower line area - the sum C of image data values of the upper line
area) is obtained by adding (the image data value A of the most right and lowest pixel 2141 - the image data value E
of the most right and top pixel 2145) to and subtracting (the image data value A' of the most left and lowest pixel 2154
- the image data value E' of the most left and top pixel 2153) from (the sum C' of the upper line area shifted by one
pixel in the left direction - the sum D’ of the lower line area shifted by one pixel in the left direction). The above-mentioned
algorithm is expressed by the following equations 6 and 7.

D-C=(D'-C')+(A-E)-(A'-E") (6)

B=B'+(D-C)/N 7)

[0069] The moving-average value B', the value (D' - C') and the value (A' - E') which were previously calculated for
the kernel region upper by one line are held, and the moving-average value B is obtained, according to equations 6
and 7, by using the above values and reading the image data value A and the image data value E stored at the address
upper by five lines of that of the value A.

[0070] Fig. 22 shows a schematic circuit diagram of the calculation part 1804 in which the above-mentioned algorithm
for moving-average filtering is implemented. The calculation part 1804 includes a subtracter 2201 for calculating (A -
E), a shift register 2202 for holding obtained values by the amount for the region width of the kernel region 2101, which
has the capacity for image data of pixels in an line area corresponding to the width of the kernel region, (the capacity
is five words for five pixels in an example shown in Fig. 21), a subtracter 2203 for calculating ((A - E) - (A" - E")), an
adder 2204 for calculating (D - C), a latch memory for holding (D' - C'), a shift register 2206 storing calculation results
by the amount for one line of the image (that is, n words), and an adder 2207 and a divider 2210 which calculate B.
[0071] The calculation part 1804 obtains the moving-average value B of the region 2101 by taking in the image data
values A and E of the most right and lowest pixel and the most right and top pixel. The subtracter 2201 for calculating
(A -E) takes in the image data value A via the transmission line 1803a and the image data value E via the transmission
line 1802a, further executes subtraction of (A - E), and outputs the result of the subtraction to a transmission line 2201
a. The shift register 2202 receives each output signal from the subtracter 2201 and holds the output signals by the
amount for the region width (five signals in the example shown in Fig. 21). Consequently, an output signal from the
shift register 2202 is equal to a value (A - E) shifted by 5 pixels in the left direction, that is, a value (A'- E').The subtracter
2203 for calculating ((A - E) - (A" - E")) calculates ((A - E) - (A" - E")) by receiving an output signal from the subtracter
2201 and an output signal from the shift register 2202, and outputs the results of the subtraction to a transmission line
2203a. The adder 2204 for calculating (D - C) adds five output signals of ((A - E) - (A" - E")) output from the subtracter
2203, further calculates (D - C) by using the result of the addition and (D' - C') output from the latch memory 2205, and
outputs the result of the calculation to a transmission line 2204a. The latch memory 2205 for holding (D - C) output
from the adder 2204 delays the held (D - C) by one processing step, and outputs it as (D' - C') to a transmission line
2205a. The divider 2210 receives (D - C) output from the adder 2204, further divides the (D - C) by the number N of
pixels in the kernel region, and outputs the result of the division to the adder 2207. Hereupon, the number N can be
set in advance, or input by a user. The shift register 2206 receives an output signal from the adder 2207 for calculating
B in turn, and holds the output signals by the amount for one line of the image (n words for the image shown in Fig.
19). Therefore, an output signal from the shift register 2206 is a value B obtained previously by one line, that is, a
moving-average value B' of the region 2102 shown in Fig. 21. The adder 2207 for calculating B receives an output
signal from the shift register 2206 and an output signal from the divider 2210, further calculates a moving-average

13




10

15

20

25

30

35

40

45

50

55

EP 0 851 383 B9 (W1B1)

value B of the present kernel region, and outputs the result of the calculation to the transmission line 1804a.

[0072] In accordance with the above-mentioned procedures, the algorithm based on equations 6 and 7 is implement-
ed. Hereupon, it is possible that the calculation part 1804 performs only addition or subtraction processing and outputs
results of final addition processing to the image memory 1805, furthermore, an outside processor performs the division
calculation in place of the divider 2210 and obtains the moving-average value B.

[0073] In the following, operations of the image processing apparatus will be explained. Each of image data for the
image, which are taken in through the image input device 1801, is stored at an address of the image memory 1802
via the transmission line 1801 a, which is designated by the memory control part 1810. The image processor 1800
reads out image data stored in the image memory 1802 via the transmission line 1802a. As mentioned above, since
the memory control part 1810 designates a row address and a plurality of successive column addresses, a high fre-
quency cycle mode such as a high-speed page mode is applicable, and image data can be read out of or written into
the image memory 1802 at a high speed. Image data read out of the image memory 1802 are input to the calculation
part 1804 and the line memory 1803. Inputting of image data to each of the calculation part 1804 and the line memory
1803 is performed at different timing. For example, at first, the memory control part 1810 control image data storing
so that in the example shown in Fig. 21, image data of pixels in one line including the most right and lowest pixel 2141
are read out and stored in the line memory 1803. Next, the memory control part 1810 control image data reading so
that an image data of the most right and lowest pixel 2141 is read out of the image memory 1802, and at the same
time, an image data of the pixel 2145 is read out of the line memory 1803. The calculation part 1804 shown in Fig. 22
takes in the image data value A of the pixel 2141 and the image data value E of the pixel 2145, further calculates the
moving-average value B, and outputs the result of the calculation. The calculated moving-average value B is input to
the image memory 1805 via the transmission line 1804a, and stored at an address of the image memory 1805, which
is designated by the memory control part. Similarly, in order to obtain a moving-average value of the next kernel region
(the kernel region corresponding to the central pixel shifted by one pixel in the right direction from the central pixel of
the previous kernel region), the memory control part 1810 controls image data storing so that an image data of a pixel
which is shifted by one pixel in the right direction from the most right and lowest pixel 2141 is read out of the image
memory 1802, and at the same time, an image data of a pixel which is shifter by one pixel in the right direction from
the pixel 2145 is read out of the line memory 1803. If a central pixel of a kernel region transfers to the lower next line,
image data of pixels for one line in the lower next line under the pixel 2145 are stored in the line memory 1803, and
an image data of each pixel is read out in turn.

[0074] When a moving-average value is initially obtained, calculating of the moving-average value can be performed
by setting dummy data to each shift register.

[0075] As mentioned above, by providing the line memory 1803, since it is possible to execute successively calcu-
lating of each moving-average value by continuously reading out each image data value E corresponding to the pixel
2145 and each image data value A corresponding to the pixel 2141 in the kernel region, in turn in the horizontal direction,
memory access required to obtain a moving-average value can be more quickly than in conventional methods.
[0076] In this embodiment, image data of pixels in a line including the top pixel 2145 are stored in the line memory
1803. However, it is also possible to store image data of pixels in a line including the lowest pixel 2141 are stored in
the line memory 1803. Furthermore, although image data of one line pixels are stored in the line memory 1803, it is
also to store image data of five lines in the line memory 1803. In this application, since the line memory 1803 can be
regarded as a delay circuit, image data read out of the image memory 1802 can be simultaneously input to the calcu-
lation part 1804 and the line memory 1803. Thus, reading image data necessary to obtain each moving-average from
the image memory 1802 should be only performed at one time.

[0077] In accordance with this embodiment, since access to the image memory can be continuously performed in
the horizontal direction, moving-average values can be obtained at a high speed.

[0078] In the following, an algorithm used in another embodiment will be explained with reference to Fig. 23. Numeral
2301 indicates a kernel region 2301 of which a moving-average value is to be presently obtained, representing the
moving-average value as B. Numeral 2341 indicates a pixel located at the most right and lowest position in the region
2301, representing the image data value of the pixel 2341 as A. Numeral 2303 indicates a vertical line area at the left
outside of a previous region 2302, representing a sum of image data values of pixels in the line area 2303 as F. Numeral
2304 indicates a vertical line area at the most right position in the region 2301, representing a sum of image data values
of pixels in the line area 2304 as G. Numeral 2345 indicates a pixel upper by one line from the top position in the vertical
line area 2304, representing the image data value of the pixel 2345 as E. Numeral 2302 indicates he previous kernel
region shifted from the kernel region 2301 by one pixel in the left direction, representing a moving-average value of
the region 2302 as B". Numeral 2314 indicates a vertical line area upper by one line from the vertical line area 2304
located at the most right position in the kernel region 2301, representing a sum of image data values of pixels in the
line area 2304 as G'. The moving-average value B" of the region 2302 was obtained previously by one pixel before
the moving-average value B of the region 2301 is obtained, and the sum G' of the line area was obtained previously
by one line before the sum G of the line area 2304 is obtained. That is, the moving-average value B" of the region 2302

14




10

15

20

25

30

35

40

45

50

55

EP 0 851 383 B9 (W1B1)

and the sum G' for the area 2314 were already obtained and are held.

[0079] In the algorithm shown in Fig. 23, the moving-average value of the region 2301 to be presently obtained is
calculated by adding (the sum G of the vertical line area 2304 at the right side position - the sum F of the vertical line
area 2303 at the left side position)/N to the moving-average value B" of the kernel region for the pixel previous by one
pixel. Moreover, the sum G for the vertical line area 2304 at the right side position is obtained by adding the image
data value A of the pixel 2341 to the sum G' for the vertical line area 2304, and subtracting the image data value E of
the pixel 2345 from the result of the addition,. This algorithm is expressed by equations 8 and 9.

G=G'+(A-E) (8)

B=B"+(G-F)/N 9

[0080] The moving-average value B is obtained by holding the moving-average value B" and the sums G' and F,
which were obtained for the central pixel previous by one pixel, further reading the image data value A of the pixel
2341 and the image data value E of the pixel 2345 in the same column as that of the pixel 2341 and at the position
upper by five lines from the pixel 2341, and using those values in equations 8 and 9.

[0081] Fig. 24 shows a schematic circuit diagram of a calculation part 1804 in which this algorithm for obtaining a
moving-average value is implemented. A hardware composition of an image processing apparatus can be composed
similarly to that of the apparatus shown in Fig. 18 other than the calculation part 1804. Operations of the apparatus for
implementing this algorithm is similar to those of the apparatus shown in Fig. 18, and image data of the image are read
out in the horizontal direction.

[0082] In Fig. 24, the calculation part 1804 includes the subtracter 2201 for calculating (A - E), a shift register 2402
for holding values G by the amount for one line, an adder 2403 for calculating G, an subtracter 2404 for calculating (G
- F), an adder 2405 for calculating B, a latch memory for holding B" and a divider 2210.

[0083] The calculation 1804 takes in the image data value A of the pixel 2341 and the image data value E of the top
pixel 2345 in the vertical area 2314, which are shown in Fig. 23, and obtains the moving-average value B of the region
2301. The subtracter 2201 for calculating (A - E) receives the image data value A of the pixel 2341 via the transmission
line 1802a and the image data value E of the top pixel 2345 in the vertical area 2314 via the transmission line 1803a,
further performs subtraction of (A - E), and outputs the result of the subtraction to the transmission line 2201 a. The
shift register 2402 receives an output signal from the adder 2403 for calculating G via a transmission line 2403a, and
holds values of G by the amount of one line. Therefore, an output signal from the shift register 2402 is a value G
obtained previously by one line, that is, the value G' shown in Fig. 23. Moreover, an output signal from the fifth stage
of the shift register 2402 is a value G obtained previously by the width of the kernel region, that is, the value F shown
in Fig. 23. The adder 2403 for calculating G calculates G by using an output signal from the subtracter 2201 for cal-
culating (A - E) and an output signal G' from the shift register 2402, and output the results of the calculation to a
transmission line 2403a. The subtracter 2404 for calculating (G - F) calculates (G - F) by using an output signal G from
the adder 2403 for calculating G and an output signal F from the shift register 2402, and outputs the result of the
calculation to a transmission line 2404a. The divider 2210 receives an output signal (G - F) from the subtracter 2404
for calculating (G - F), divide (G - F) by the preset number N of pixels in the kernel region, and outputs the result of the
division. The adder 2405 for calculating B receives an output signal B" from the latch memory 2406 for holding a value
B" and an output signal of the divider 2210, further obtains the moving-average value B of the present kernel region,
and outputs the obtained moving-average value via the transmission line 1804a. The latch memory 2406 for holding
B" receives an output signal from the adder 2405 for calculating B, further delays the received output signal by one
pixel, and outputs it as B" via a transmission line 2406a.

[0084] In accordance with the above-mentioned operations, the algorithm expressed by equations 8 and 9 is imple-
mented.

[0085] In accordance with this embodiment also, since access to the image memory can be continuously performed
in the horizontal direction, moving-average values can be obtained at a high speed.

[0086] As for the shift register 2402, three port memories are necessary, that is, one port for taking in one output
signal from the transmission line 2403a and two ports for outputting two signals to the transmission lines 2402a and
2402b. Generally, it is difficult to incorporate a three port register in a processor. Therefore, in a case in which two
registers having two ports, that is, one data input port and one data output port, are used, the calculation part 1804
can be composed as shown in Fig. 25, and Fig. 25 shows a schematic circuit diagram of the calculation part 1804
performing the algorithm shown in Fig. 23, similarly to the part 1804 shown in Fig. 24.

[0087] In Fig. 25, the calculation part 1804 includes the subtracter 2201 for calculating (A - E), a shift register 2502
for holding values G by the number of (one line pixels - pixels by the region width), the adder 2403 for calculating G,
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the subtracter 2404 for calculating (G - F), the adder 2405 for calculating B, the latch memory 2406 for holding B", a
shift register 2507 for holding values G by the amount for the region width, and the divider 2210.

[0088] The subtracter 2201 for calculating (A - E) receives the image data value A of the pixel 2341 via the trans-
mission line 1802a, and the image data value E of the top pixel 2345 in the vertical line area 2134 via the transmission
line 1803a, further perform subtraction of (A - E), and outputs the result of the subtraction to the transmission line
2201a. The shift register 2502 for holding values G by the number of (one line pixels - pixels by the region width)
receives an output signal from the shift register 2507 for holding values G by the amount for the region width via a
transmission line 2402b, and holds values G by the amount of (one line pixels - pixels by the region width, that is, (n
- 5)) in turn. The shift register 2507 for holding values G receive a value G, and holds values G by the amount for the
region width. Therefore, an output signal from the shift register 2507 is a value G obtained previously by the width,
that is, the value F shown in Fig. 23. The adder 2403 for calculating G calculates G by using an output signal (A - E)
from the subtracter 2201 for calculating (A - E) and an output signal G' from the shift register 2507 for holding values
G by the amount for the region width, and outputs the result of the calculation to the transmission line 2403a. The
subtracter 2404 for calculating (G - F) calculates (G - F) by using an output signal G from the adder 2403 for calculating
G and an output signal F from the shift register 2507 for holding values G by the amount for the region width, and
outputs the result of the calculation to a transmission line 2404a. The divider 2210 receives an output signal (G - F)
from the subtracter 2404 for calculating (G - F), further divide (G - F) by the preset number N of pixels in the kernel
region, and outputs the result of the division. The adder 2405 for calculating B receives an output signal B" from the
latch memory 2406 for holding a value B" and an output signal of the divider 2210, further obtains the moving-average
value B of the present kernel region, and outputs the obtained moving-average value B via the transmission line 1804.
The latch memory 2406 for holding B" receives an output signal B from the adder 2405 for calculating B, delays the
received output signal by one pixel, and outputs it as B" via a transmission line 2406a.

[0089] In accordance with the above-mentioned operations, the algorithm expressed by equations 8 and 9 is imple-
mented.

[0090] By the calculation part 1804 of which the composition is shown in Fig. 25, it is possible to use two registers
having two ports, that is, one data input port and one data output port, in place of a register of three ports.

[0091] In the following, an algorithm used in another embodiment will be explained with reference to Fig. 26. Numeral
2301 indicates a kernel region of which a moving-average value is to be presently obtained, representing the moving-
average value as B. Numeral 2341 indicates the most right and lowest pixel in the region 2301, representing the image
data value of the pixel 2341 as A. Numeral 2303 indicates a vertical line area at the left outside of the region 2301,
representing a sum of image data values of pixels in the vertical line area 2303 as F. Numeral 2354 indicate the lowest
pixel in the vertical line area 2303, representing an image data value of the pixel as A'. Numeral 2302 indicates a
previous kernel region shifted from the kernel region 2301 by one pixel in the left direction, representing a moving-
average value of the region 2302 as B'. Numeral 2313 indicates a vertical line area upper by one line from the vertical
line area 2303, which is the most left vertical line area in the kernel region processed previously by one line to the
kernel region 2302, representing a sum of image data values of pixel in the line area 2313 as F'. Numeral 2314 indicates
a vertical line area upper by one line from the top pixel of the vertical line area 2304, representing a sum of image data
values of pixels in the line area 2314 as G'. The numeral 2355 indicates the top pixel in the vertical line area 2313,
representing an image data value of the pixel 2355 as E'. The image data values A' and E' of the pixels 2354 and 2355
are latched as the image data values A and E of the pixels 2341 and 2345 processed previously by the region width.
Furthermore, the moving-average value B' was obtained as the moving-average value B obtained previously by the
region width, and the sums G' and F' for the vertical line areas 2314 and 2313 were also obtained as the sums G and
F of the vertical line areas 2304 and 2303 processed previously by one line. Therefore, the image data values of the
pixels 2354 and 2355, and the sums for the vertical line areas 2313 and 2314, and the region 2302, were already
obtained and are held in the registers.

[0092] In this algorithm, the moving-average value B of the present kernel region is obtained by adding (the sum G
of the most right vertical line area 2304 - the sum F of the most left vertical line area 2302)/N to the moving-average
value B' of the kernel region processed previous by one pixel. Moreover, the value of (the sum G of the most right
vertical line area - the sum F of the most left vertical line area) is obtained by adding (the image data value A of the
lowest pixel in the vertical line area 2304 - the image data value E of the top pixel in the vertical line area 2345) to (the
sum G' of the vertical line area 2314 - the sum F' of the vertical line area 2313) and subtracting (the image data value
A' of the lowest pixel in the vertical line area 2303 - the image data value E' of the top pixel in the vertical line area
2313) from the result of the addition. This algorithm is expressed by equations 10 and 11.

G-F=(G-F')+(A-E)- (A" -E' (10)
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B=B'+(G-F)/N (11)

[0093] The moving-average value B is obtained by holding the moving-average value B' and the values (A' - E') and
(G' - F"), which were previously obtained by one pixel, and reading the image data value A, and the image data value
E of the pixel located in the same column as that of the most right and lowest pixel 2341 and at the position upper by
five lines, from the image memory 1802, and using the values in equations 10 and 11.

[0094] Fig. 27 shows a schematic circuit diagram of a calculation part 1804 in which this algorithm for obtaining a
moving-average value is implemented. A hardware composition of an image processing apparatus can be composed
similarly to that of the apparatus shown in Fig. 18 other than the calculation part 1804. Operations of the apparatus for
implementing this algorithm is similar to those of the apparatus shown in Fig. 18, and image data of the input image
are also read out in the horizontal direction.

[0095] The calculation part 1804 includes the subtracter 2201 for calculating (A - E), the shift register 2202 for holding
values (A - E) by the amount for the region width, the subtracter 2203 for calculating ((A - E) - (A' - E')), an adder 2704
for calculating (G - F), the adder 2405 for calculating B, the latch memory 2406 for holding B', a shift register 2707 for
holding values (G - F) by the amount for one line, and the divider 2210.

[0096] The calculation 1804 takes in the image data values A and E of the most right and lowest pixel and the most
right and top pixel, which are shown in Fig. 26, and obtains the moving-average value B of the region 2301. The
subtracter 2201 for calculating (A - E) receives the image data value A of the pixel 2341 via the transmission line 1802a
and the image data value E of the pixel 2345 via the transmission line 1803a, further performs subtraction of (A - E),
and outputs the result of the subtraction to the transmission line 2201a. The shift register 2202 receives an output
signal (A - E) from the subtracter 2201 for calculating (A - E) via the transmission line 2201a, and holds values (A - E)
by the amount for the region width. TheRefore, an output signal from the shift register 2202 is a value (A - E) obtained
previously by the region width, that is, the value (A' - E') shown in Fig. 26. The subtracter 2203 for calculating ((A - E)
- (A'E") calculates ((A - E) - (A" E")) by using an output signal from the subtracter 2201 for calculating (A - E) and an
output signal from the shift register 2202, and output the results of the calculation to a transmission line 2203a. The
adder 2704 for calculating (G - F) calculates (G - F) by using an output signal from the subtracter 2203 for calculating
((A-E)-(A"-E")) and an output signal (G' - F') from the shift register 2402, and outputs the result of the calculation to
a transmission line 2704a. The shift register 2707 receives an output signal from the adder 2704 for calculating (G -
F), and holds values (G - F) by the amount for one line in turn. Therefore, an output signal from the shift register 2707
is a value (G - F) obtained previously by one line, that is, the value (G' - F') shown in Fig. 26. The divider 2210 receives
an output signal (G - F) from the adder 2704 for calculating (G - F), further divides (G - F) by the preset number N of
pixels in the kernel region, and outputs the result of the division. The adder 2405 for calculating B receives an output
signal B' from the latch memory 2406 for holding a value B' and an output signal from the divider 2210, further obtains
the moving-average value B of the present kernel region, and outputs the obtained moving-average value via the
transmission line 1804a. The latch memory 2406 for holding B' receives an output signal from the adder 2405 for
calculating B via the transmission line 1804a, further delays the received output signal by one pixel, and outputs it as
B' via a transmission line 2406a.

[0097] According to the above-mentioned operations, the algorithm expressed by equations 10 and 11 is implement-
ed.

[0098] In accordance with this embodiment also, since access to the image memory can be continuously performed
in the horizontal direction, moving-average values can be obtained at a high speed.

[0099] In the following, another embodiment will be explained. Fig. 28 shows a schematic circuit diagram of an image
processing apparatus of this embodiment. This apparatus includes the image input device 1801 for inputting an image,
the image memory 1802 and an image memory 2801 which store image data of an image input by the image input
device 1801, the image processor 1800 for processing an image, and the memory 1805 for storing image data of the
image processed by the image processor 1800. Moreover, the image processor 1800 includes a calculation part 1804
for implementing one of the above-mentioned three algorithms shown Figs. 21, 23 and 26, and a memory control part
1810 for controlling access to the image memories 1802 and 2801.

[0100] In Fig. 28, the memory control part 1820 designates an address to the memory 1802 and the memory 2801
for each pixel, and an image data of the pixel, which is output from the image input device 1801 via a transmission line
1801 a, is stored at the designated address of the memory 1802 and the memory 2801. Furthermore, the memory
control part 1820 transmits an instruction for reading image data to be processed, together with addresses of the image
data, and image data read from the respective addresses of the memory 1802 and the memory 2801 are output to the
calculation part 1804 via the transmission line 1802a and a transmission line 1803a. The calculation part 1804 receives
the image data, which are output from the image memories 1802 and 2801, and implements one of the above-mentioned
algorithms shown in Figs. 21, 23 and 26. The result of the implementation is stored in the memory 1805 via a trans-
mission line 1804a. Thus, the calculation part 1804 in this embodiment can implement the algorithms shown in Figs.
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21, 23 and 26, and the compositions shown in Figs. 22, 24, 25 and 27 are applicable to the calculation part 1804.
[0101] In the following, operations of the image processing apparatus shown in Fig. 28 will be explained. Each of
image data of the image taken in by the image input device 1801 is stored at an address of each of the image memories
1802 and 2801 via the transmission line 1801a, which is designated by the memory control part 1820. The designated
addresses are equal to each other. This is, the same image data is written at the same address in the respective
memories 1802 and 2801. The image processor 1800 reads out an image data A of the pixel 2341 of the present kernel
region, stored in the image memory 1802, via the transmission line 1802a, and an image data E of the pixel 2345,
stored in the image memory 2801, via the transmission line 1803a. The memory control part 1820 control image data
reading so that an image data of the pixel 2341 is read out of the image memory 1802, and an image data of the pixel
2345 is read out of the image memory 2801. The calculation part 1804 takes in the image data value A of the pixel
2341 from the memory 1802 and the image data value E of the pixel 2345 from the memory 2801, further calculates
the moving-average value B, and outputs the result of the calculation. The calculated moving-average value B is input
to the memory 1805 via the transmission line 1804a, and is stored at an address of the image memory 1805, which is
designated by the memory control part 1820. Similarly, in order to obtain a moving-average value of the next kernel
region (the kernel region corresponding to the central pixel shifted by one pixel in the right direction from the central
pixel of the present kernel region), the memory control part 1820 control image data reading so that an image data of
a pixel which is shifted by one pixel in the right direction from the pixel 2341 is read out of the image memory 1802,
and at the same time, an image data of a pixel which is shifted by one pixel in the right direction from the pixel 2345
is read out of the image memory 2801, and so forth. Similarly, in another line, a necessary image data of each pixel is
read out in turn in the horizontal direction from each of the memories 1802 and 2801.

[0102] In this embodiment, since an image data of each pixel is stored at the same address in the image memory
1802 and the image memory 2801, two image memories are necessary. However, since an image data A of the pixel
2341 and an image data E of the pixel 2345, can be simultaneously read out, an image processing time in this em-
bodiment is faster than that in the embodiment shown in Fig. 18, by the time necessary to transfer image data of one
line to the line memory 1803. That is, by executing image processing as continuously reading an image data of each
of the pixels 2341 and 2345 in parallel, it is possible to perform access to the image memories, which is necessary to
process an image, at a high speed, and to improve the performance of image processing. Furthermore, since the
composition of the image memory 1802 is the same as that of the image memory 2801, the memory control part 1820
can control data reading so that an image data E of the pixel 2345 is read out of the image memory 2801, and at the
same time, an image data A of the pixel 2341 is read out of the image memory 1802.

[0103] In the following, another embodiment will be explained. Fig. 29 shows a schematic circuit diagram of an image
processing apparatus of this embodiment. This apparatus includes the image input device 1801 for inputting an image,
the image memory 1802 for storing image data of an image input by the image input device 1801, and the image
processor 1800 for processing an image. Moreover, the image processor 1800 includes a line memory 2905 and the
line memory 1803, each of which stores image data by the amount for one line, a memory control part 1820 for controlling
access to the line memories 2905 and 1803, a calculation part 1804 for implementing one of the above-mentioned
three algorithms shown Figs. 21, 23 and 26, and a memory bus 2910 for connecting the above-mentioned memories
and parts to each other.

[0104] In Fig. 29, the memory control part 1820 designates an address for each pixel to the memory 1802, and an
image data of the pixel, which is output from the image input device 1801 via a transmission line 1801a, is stored at
the designated address of the memory 1802. Furthermore, the memory control part 1820 transmits an instruction for
reading each image data to be processed, together with an address of the image data, and image data read from the
image memory 1802 are output to the line memory 2905 and the line memory 1803 via the memory bus 2910. The
line memory 2905 and the line memory 1803 receiving image data output image data to the calculation part 1804 via
a transmission line 2905a and the transmission line 1803a. The calculation part 1804 receives image data, further
outputs from the line memories 2905 and 1803, and implements one of the above-mentioned algorithms shown in Figs.
21, 23 and 26. The result of the implementation is stored in the memory 1802 via the memory bus 2910. Thus, the
calculation part 1804 in this embodiment can implement the algorithms shown in Figs. 21, 23 and 26, and the compo-
sitions shown in Figs. 22, 24, 25 and 27 are applicable to the calculation part 1804.

[0105] In the following, operations of the image processing apparatus shown in Fig. 29 will be explained. Each of
image data taken in by the image input device 1801 is stored at an address of the image memories 1802 via the
transmission line 1801a, which is designated by the memory control part 1820. The image processor 1800 reads out
image data by the amount for one line including the pixel 2341, which are stored in the image memory 1802, via the
memory bus 2910, and stores the read image data in the line memory 2905. Moreover, the image processor 1800
reads out image data by the amount for one line including the pixel 2345, which are stored in the image memory 1802,
via the memory bus 2910, and stores the read image data in the line memory 1803. The memory control part 1820
designates an address of an image data of the pixel 2341 to the image memory 1802, and designates an address of
an image data of the pixel 2345 to the image memory 1802. Writing of image data in the line memory 2905 and the
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line memory 1803 is performed at different timing, respectively. Furthermore, the memory control part 1820 controls
data reading so that an image data of the pixel 2341 is read out of the line memory 2905, and at the same time, an
image data of the pixel 2345 is read out of the line memory 1803. The calculation part 1804 takes in the image data
value A of the pixel 2341 and the image data value E of the pixel 2345, and calculates the moving-average value B,
and outputs the result of the calculation. The calculated moving-average value B is input to the memory 1802 via the
memory bus 2910, and stored at an address of the image memory 1802, which is designated by the memory control
part 1820. Similarly, in order to obtain a moving-average value of the next kernel region (the kernel region corresponding
to the central pixel shifted by one pixel in the right direction from the central pixel of the present kernel region), the
memory control part 1820 control image data reading so that an image data of a pixel which is shifted by one pixel in
the right direction from the pixel 2341 is read out of the line memory 2905, and at the same time, an image data of a
pixel which is shifted by one pixel in the right direction from the pixel 2345 is read out of the line memory 1803. If a
central pixel of a kernel region transfers to the lower next line, image data of pixels by the amount for one line in the
next line under the present pixel 2341 and image data of pixels for one line in the next line under the present pixel
2345 are read and stored in the line memories 2905 and 1803, respectively, and an image data of each pixel is also
read out in turn in the horizontal direction.

[0106] In this embodiment, since a line memory 1803 for storing image data by the amount for one line including the
pixel 2345 and a line memory 2905 for storing image data by the amount for one line including the pixel 2341 of the
kernel region are provided, the time for storing image data in the line memories is longer, for example, in comparison
with the embodiment shown in Fig. 28. However, it is possible to compose an image processing apparatus using only
one image memory 1802. Thus, by executing image processing as continuously reading an image data of each pixel
at the position corresponding to the pixel 2341 and an image data of each pixel at the position corresponding to the
pixel 2345 in parallel, it is possible to perform access to the image memories, which is necessary to process an image,
at a high speed, and to improve the performance of image processing. Furthermore, since the composition of the line
memory 2905 is the same as that of the image memory 1803, the memory control part 1820 can control data writing
so that image data by the amount for one line including the pixel 2341 are stored in the line memory 1803, and image
data for one line including the pixel 2345 are stored in the image memory 2905.

[0107] In the following, another embodiment will be explained. Fig. 30 shows a schematic circuit diagram of an image
processing apparatus of this embodiment. This apparatus includes the image input device 1801 for inputting an image,
the image memory 1802 for storing image data of an image input by the image input device 1801, and the image
processor 1800 for processing an image. Moreover, the image processor 1800 includes the line memory 1803 which
stores image data by the amount for one line, a memory control part 1820 for controlling access to each of memories,
a calculation part 3004 for implementing one of the above-mentioned three algorithms shown Figs. 21, 23 and 26, a
line memory 3005 for storing moving-average values B by the amount the amount for one line, and a memory bus
3010 for connecting the above-mentioned memories and parts to each other.

[0108] In Fig. 30, the memory control part 1820 designates an address for each pixel to the memory 1802, and an
image data of the pixel, which is output from the image input device 1801 via a transmission line 1801a, is stored at
the designated address of the memory 1802. Furthermore, the memory control part 1820 transmits an instruction for
reading each image data to be processed, together with an address of the image data, and each image data read from
the image memory 1802 is output to the line memory 1803 via the memory bus 3010: The line memory 1803 receiving
image data outputs image data to the calculation part 3004 via the transmission line 1803a. The calculation part 3004
receives image data of pixels, which are output from the image memory 1802 and the line memory 1803, and imple-
ments one of the above-mentioned algorithms shown in Figs. 21, 23 and 26. The result of the implementation is stored
in the line memory 3005.

[0109] In the following, operations of the image processing apparatus shown in Fig. 30 will be explained. Each of
image data of the image taken in by the image input device 1801 is stored at an address of the image memories 1802
via the transmission line 1801a, which is designated by the memory control part 1820. The image processor 1800
reads out image data by the amount for one line including the pixel 2141, which are stored in the image memory 1802,
via the memory bus 3010, and stores the read image data in the line memory 1803. The memory control part 1820
designates an address of an image data of the pixel 2141 to the image memory 1802, and designates an address of
an image data of the pixel 2145 to the line memory 1803. The calculation part 3004 takes in the image data value A
of the pixel 2141 and the image data value E of the pixel 2145, further calculates the moving-average value B, and
outputs the result of the calculation. The calculated moving-average value B is input to the line memory 3005 via a
transmission line 3004a, and stored at an address of the line memory 3005, which is designated by the memory control
part 1820. Similarly, in order to obtain a moving-average value of the next kernel region (the kernel region corresponding
to the central pixel shifted by one pixel in the right direction from the central pixel of the present kernel region), the
memory control part 1820 control image data reading so that an image data of a pixel which is shifted by one pixel in
the right direction from the most right and lowest pixel 2141 is read out of the image memory 1802, and at the same
time, an image data of a pixel which is shifted by one pixel in the right direction from the most right and top pixel 2145
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is read out of the line memory 1803. If a central pixel of a kernel region transfers to the lower next line, image data of
pixels for one line in the next line under the present pixel 2145 are read and stored in the line memory 1803, and an
image data of each pixel is read out in turn. After moving-average processing of pixels for one line is completed, results
stored in the line memory 3005 are continuously read out, and written in the image memory 1802 via the memory bus
3010.

[0110] Fig. 31 shows a schematic circuit diagram of the calculation part 1804 used for this embodiment. The calcu-
lation part 1804 shown in Fig. 31 is composed by removing the shift register 2206 from the calculation part 1804 shown
in Fig. 22 and transferring the function of the shift register 2206 to the newly added line memory 3005 for inputting and
outputting calculation results of the calculation part 1804, which are stored in the line memory 3005, as shown in Fig.
30. This calculation part 1804 includes the subtracter 2201 for calculating (A - E), the shift register 2202 having the
capacity for the width of the kernel region 2101 (image data of five pixels in the example shown in Fig. 21), the subtracter
2203 for calculating ((A - E) - (A" - E")), the adder 2204 for calculating (D - C), the latch memory for holding (D' - C'),
the adder 2207 for calculating B, and the divider 2207.

[0111] The calculation part 1804 obtains the moving-average value B of the region 2301 by taking in the image data
values A and E, for the pixel 2141 and the pixel 2145. The subtracter 2201 for calculating (A -E) takes in the image
data value A via the transmission line 1802a, and the image data value E via the transmission line 1803a, further
executes subtraction of (A - E), and outputs the result of the subtraction to a transmission line 2201a. The shift register
2202 receives each output signal from the subtracter 2201, and holds the output signals by the amount for the region
width (five signals in the example shown in Fig. 21). Consequently, an output signal from the shift register 2202 is equal
to a value (A - E) shifted by 5 pixels in the left direction, that is, (A' - E').The subtracter 2203 for calculating ((A - E) -
(A'-E")) calculates ((A - E) - (A" - E")) by receiving an output signal from the subtracter 2201 and an output signal from
the shift register 2202, and outputs the results of the subtraction to a transmission line 2203a. The adder 2204 for
calculating (D - C) adds five output signals of ((A - E) - (A" - E")) from the subtracter 2203, further calculates (D -C) by
using the result of the addition and a value (D' - C') output from the latch memory 2205, and outputs the result of the
calculation to a transmission line 2204a. The latch memory 2205 for holding (D - C) output from the adder 2204 delays
the held (D - C) by one step corresponding to processing of a moving-average for one central pixel, and outputs it as
(D' - C") to the transmission line 2205a. The divider 2210 receives (D - C) output from the adder 2204, further divides
the (D - C) by the number N of pixels in the kernel region, and outputs the result of the division to the adder 2207. The
line memory 3005 receives an output signal from the adder 2207 for calculating B in turn, and holds the output signals
by the amount for one line on the image (n words are held for the image shown in Fig. 19). Therefore, an output signal
from the line memory 3005 is a value B obtained previously by one line, that is, a moving-average value B' of the kernel
region 2102 shown in Fig. 21. The adder 2207 for calculating B receives an output signal from the line memory 3005
and an output signal from the divider 2210, further calculates a moving-average value B of the present kernel region,
and outputs the result of the calculation to the transmission line 1804a.

[0112] In accordance with the above-mentioned procedures, the algorithm based on equations 6 and 7 is implement-
ed.

[0113] As mentioned above, by providing the line memory 1803 and the line memory 3005, since it is possible to
execute successively calculating of each moving-average value as continuously reading out an image data value A
corresponding to the pixel 2141 and an image data value E corresponding to the pixel 2145, in the horizontal direction,
memory access required to obtain a moving-average value can be more quickly than in conventional methods, and
the performance of image processing can be improved. In this embodiment, image data of pixels in a line pixels including
the pixel 2145 are stored in the line memory 1803. However, it is also possible to store image data of pixels in a line
pixels including the most right and lowest pixel 2141 are stored in the line memory 1803.

[0114] Furthermore, the above-mentioned function to process an image, which is performed by the calculation part
1804, can be also realised by a software.

[0115] The above later six embodiments which are, for example, shown in Fig. 21, Fig. 23, Fig. 26, Fig. 28, Fig. 29
and Fig. 30, respectively, have the following effects. Fig. 32 shows a time chart of operations in the above embodiments
according to the present invention, and Fig. 33 shows a time chart of operations in a conventional method. In the
embodiments shown in Fig. 32 and the method shown in Fig. 33, general SDRAMs are used. Each of the time charts
shows time sequences of commands and addresses, which are to be processed, and corresponding data to be read
out or written in a memory. In the conventional method, since data of discontinuous addresses are read out or written
in a memory, a row address and a column address of the item of data should be designated, whenever access to each
item of data is performed. Therefore, it takes 24 cycles to read out image data of four pixels (D1 - D4), as shown in
Fig. 33. On the other hand, in accordance with the above embodiments, each block of data in the column direction can
be continuously read out with a burst read mode by designating successive column addresses after designating a row
address. Consequently, it is possible to read out image data of four pixels (D1 - D4) in 9 cycles. Thus, the above
embodiments can read out data more quickly than the conventional method. That is, in accordance with the above
embodiment according to the present invention, it is possible to perform moving-average filtering of image at a high
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speed.

[0116] In the following, an electron microscope using the above-mentioned image processing apparatus according
to the present invention will be explained.

[0117] An electron microscope system shown in Fig. 34 is composed of the above-mentioned image processing
apparatus 3410, an electron microscope 3420, a control computer 3430 for controlling the electron microscope 3420,
a voltage control part for controlling voltage to adjust an electron beam generated in the electron microscope 3420, a
deflection control part 3450 for shaping the electron beam, a lens control part 3460 for controlling a lens to focus on
an object to be measured by the electron microscope 3420, a vacuum control part 3470 for keeping the vacuum in the
electron microscope 3420, a monitor 3480 for displaying the result of measurement, a sensor 3421 for sensing sec-
ondary electrons reflected from the object, a positioning mechanism 3423 for moving the object, and a positioning
mechanism control part 3490.

[0118] The electron microscope system irradiate an object to be measured with an electron beam controlled by the
voltage control part 3440. The sensor 3421 senses secondary electrons reflected from the object, and an image formed
by the reflected secondary electrons, which is sensed by the sensor 3421, is processed by the image processing
apparatus 3410. The image processing apparatus 3410 performs gradation processing, edge enhancement process-
ing, the above-explained moving-average filtering according to the present invention, etc.. By using the image process-
ing apparatus according to the present invention, processing of the measured image can be performed at a high speed.
[0119] As an example of application of an image processing apparatus according to the present invention, the elec-
tron microscope system shown in Fig. 34 has been explained. However, an image processing apparatus according to
the present invention can be applied to any system performing image processing.

[0120] In accordance with the present invention, a moving-average value of an image data of each pixel in an image
can be obtained by performing the continuous access to successive addresses. Thus, in animage processing apparatus
using DRAMs or SDRAMs, since highly efficient memory access can be realised, it becomes to process an image at
a high speed.

Claims

1. A template matching method comprising the steps of

obtaining a threshold value as a similarity evaluation measure by using image data values of pixels in a
template image and image data values of pixels in a sub-image of a search image to be processed, the size of the
sub-image being equal to that of said template image, and

obtaining the square of the difference between an image data value of a pixel in said sub-image to be proc-
essed and an image data value of a corresponding pixel in said template image,

characterised by the further steps of

performing a cumulative addition for said square, and

repeating the steps of obtaining the square and performing the cumulative addition,

wherein, if the result of said cumulative addition exceeds said threshold value, the evaluation of the similarity
for said sub-image is closed.

2. The method of claim 1, comprising the further step of obtaining the sum (A) of image data values of pixels in a
template image, the sum (B) of squares of image data values of pixels in said template image, the sum (C) of

image data values of pixels in a sub-image of a search image to be processed, the sum (D) of squares of image
data values of pixels in said sub-image of the template image, wherein said a threshold value (F) is obtained based

on the equation (1):
2 2
- 2AC . [g A~ p.CC
F—B+D-—P-—-2E B 5 D 5 (W)

where (P) is the number of pixels in said template image, and (E) is a preset positive value of less than 1.

3. The method of claim 2, wherein the sum, and the sum of squares, of image data values for a sub-image neigh-
bouring the sub-image which was processed is obtained by making use of the sum already obtained, and the sum
of squares already obtained, of image data values for the sub-image which was processed.

4. The method of claim 2, wherein, if the final result of said cumulative addition for said sub-image is less than said
threshold value, a normalised correlation coefficient between said sub-image and said template image is obtained
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and is set to said value E as a new value.

The method of claim 1, comprising the further step of extracting sub-images for each of which the sum of the
squares of differences between respective image data values of pixels in said sub-image to be processed and an
image data value of respective corresponding pixels in said template image does not exceed said threshold value.

A template matching apparatus for performing the method of claim 1, comprising:

at least one memory (1703, 1704; 1201, 1202) for storing image data of a template image and a search image,
and

a processor (910, 913, 914, 921, 923; 1101) for reading image data of said template image and said search
image out of said memory (1703, 1704; 1201, 1202), obtaining a threshold value used to evaluate the similarity
to said template image, of each sub-image of said search image, and evaluating the similarity of said sub-
image.

7. The apparatus of claim 6,

wherein the image data of said template image are stored in a first memory (1703) and the image data of
said search image are stored in a second memory (1704), and
wherein said processor includes

a first calculator (910) for reading from said first memory (1703) image data values of pixels in said template
image, obtaining the sum, and the sum of squares, of said image data values, reading from said second
memory (1704) image data values of pixels in each sub-image of said search image, the size of which is equal
to that of said template image, and obtaining the sum, and the sum of squares,

at least one register (915...920) for storing the sums, and the sums of squares, thus obtained of said image
data values for said template image and said sub-image,

a second calculator (921) for calculating a threshold value used to evaluate the similarity to said template
image of each sub-image of said search image by using said sums, and sums of squares, of said image data
values for said template image and said sub-image, and a value set from the outside of said second calculator,
a third calculator (913, 914) for performing a cumulative addition of differences between respective image data
values for each sub-image of said search image and respectively corresponding image data values for said
template image, and

a comparator (923) for comparing in every addition the threshold value obtained by said second calculator
(921) with the result of said cumulative addition obtained by said third calculator (913, 914).

The apparatus of claim 7, wherein said first calculator (910; 1000) obtains sums of image data values for a plurality
of areas of said search image, each area being composed of pixels for one column and the same row number as
in said template image, and said sum of image data values for each sub-image by combining said sums of image
data values for said plurality of said areas, and further obtains sums of squares of image data values for a plurality
of areas of said search image, each area being composed of pixels for one column and the same row number as
in said template image, and said sum of squares of image data values for each sub-image by combining said sums
of squares of image data values for said plurality of said areas.

The apparatus of claim 7, wherein said first calculator (910; 1000)

obtains sums of image data values for a plurality of areas of said search image, each area being composed
of pixels for one column and the same row number as in said template image, starting points of which are in a first
line of said search image in the main scanning direction, and sums of image data values for a next plurality of
areas of said search image, each area being composed of pixels for one column and the same row number as in
said template image, starting points of which are in each of other lines of said search image, by subtracting an
image data value of a pixel which is to be excluded from each area of said previous plurality of said areas, from
the sum of image data values for said area, and adding an image data value of a pixel which is to be newly added
to each area of said previous plurality of said areas, to the sum of image data values for said area,

further obtains said sum of image data values for each sub-image by combining said obtained sums of image
data values for said plurality of said areas, and sums of squares of image data values for a plurality of areas of
said search image, each area being composed of pixels for one column and the same row number as in said
template image, starting points of which are in said first line, and sums of image data values for a next plurality of
areas of said search image, each area being composed of pixels for one column and the same row number as in
said template image, starting points of which are in other lines of said search image, by subtracting the square of
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an image data value of a pixel to be excluded from each area of said previous plurality of said areas, from the sum
of squares of image data values for said area, and adding the square of an image data value of a pixel to be newly
added to each area of said previous plurality of areas, to the sum of squares of image data values for said area, and

obtains the sum of squares of image data values for each sub-image by combining said obtained sums of
squares of image data values for said plurality of said areas.

The apparatus of claim 6, wherein said processor includes

an image processor (1101) for reading image data of said template image and said search image from said
memory (1201, 1202), obtaining a threshold value of each sub-image of said search image for evaluating the
similarity to said template image, and evaluating the similarity of said sub-image,

a host computer (1102) for managing the processing executed by said image processor (1101), and

a display device (1104) for displaying said template image and said search image, the image data of which
are stored in said memory, and sub-images having large correlations with the template images.

Patentanspriiche

1.

Verfahren zum Vorlagenmatching umfassend die folgenden Schritte:

Berechnen eines Schrankenwerts als AuswertungsmaR der Ahnlichkeit mittels Bilddatenwerten von Pixeln
eines Vorlagebildes und Bilddatenwerten von Pixeln eines Teilbildes eines zu verarbeitenden Suchbildes, wo-
bei die Grofie des Teilbildes gleich der des Vorlagebildes ist, und

Berechnen des Quadrats der Differenz zwischen einem Bilddatenwert eines Pixels in dem zu verarbeitenden
Teilbild und einem Bilddatenwert eines entsprechenden Pixels im Vorlagebild,

gekennzeichnet durch folgende weitere Schritte:

Durchflihren einer kumulativen Addition fir das Quadrat und
Wiederholen der Schritte, in denen das Quadrat berechnet und die kumulative Addition ausgefiihrt werden,

wobei die Auswertung der Ahnlichkeit fiir das Teilbild beendet wird, falls das Ergebnis der kumulativen Ad-
dition den Schrankenwert Uberschreitet.

Verfahren nach Anspruch 1, ferner umfassend einen Schritt, in dem die Summe A der Bilddatenwerte von Pixeln
in einem Vorlagebild die Summe B der Quadrate der Bilddatenwerte von Pixeln im Vorlagebild, die Summe C der
Bilddatenwerte von Pixeln in einem Teilbild eines zu verarbeitenden Teilbildes und die Summe D der Quadrate
der Bilddatenwerte von Pixeln im Teilbild des Vorlagebildes berechnet werden, wobei der Schrankenwert F aus

der Gleichung (1) berechnet wird:
2 2
—g+D-2AC 5. [BA”. p.CC
F—B+D-?-2E B 5 D 5 (1)

wobei P die Pixelanzahl im Vorlagebild und E einen vorgegebenen positiven Wert kleiner als 1 bezeichnen.

Verfahren nach Anspruch 2, wobei die Summe der Bilddatenwerte fir ein dem bearbeiteten Teilbild benachbartes
Teilbild sowie die Summe ihrer Quadrate berechnet werden, indem die bereits berechnete Summe der Bilddaten-
werte flir das verarbeitete Teilbild sowie die bereits berechnete Summe ihrer Quadrate benutzt werden.

Verfahren nach Anspruch 2, wobei, falls das Endergebnis der kumulativen Addition fiir das Teilbild kleiner als der
Schrankenwert ist, ein normalisierter Korrelationskoeffizient zwischen dem Teilbild und dem Vorlagebild berechnet
wird und als neuer Wert E angesetzt wird.

Verfahren nach Anspruch 1, ferner umfassend einen Schritt, indem die Teilbilder extrahiert werden, fiir die die
Summe der Quadrate der Differenzen zwischen den jeweiligen Bilddatenwerten von Pixeln im zu verarbeitenden
Teilbild und den Bilddatenwerten von jeweils entsprechenden Pixeln im Vorlagebild den Schrankenwert nicht tiber-
schreitet.
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6. Vorrichtung zum Vorlagenmatching zum Durchflhren des Verfahrens aus Anspruch 1 umfassend:

mindestens einen Speicher (1703, 1704; 1201, 1202) zum Speichern von Bilddaten eines Vorlagebildes und
eines Suchbildes, und

einen Prozessor (910, 913, 914, 921, 923; 1101) zum Auslesen von Bilddaten des Vorlagebildes und des
Suchbildes aus dem Speicher (1703, 1704; 1201, 1202), zum Berechnen des zur Auswertung der Ahnlichkeit
jedes Teilbildes des Suchbildes zum Vorlagebild benutzten Schrankenwerts und zur Auswertung der Ahnlich-
keit des Teilbildes.

7. Vorrichtung nach Anspruch 6, wobei die Bilddaten des Vorlagebildes in einem ersten Speicher (1703) und die
Bilddaten des Suchbildes in einem zweiten Speicher (1704) gespeichert werden und
wobei der Prozessor enthalt:

eine erste Recheneinheit (910) zum Lesen von Bilddatenwerten von Pixeln im Vorlagebild aus dem ersten
Speicher (1703), zum Berechnen der Summe der Bilddatenwerte und der Summe ihrer Quadrate, zum Lesen
aus dem zweiten Speicher (1704) von Bilddatenwerten von Pixeln in jedem Teilbild des Suchbildes, dessen
GroRe gleich der des Vorlagebildes ist und zum Berechnen der Summe und der Summen der Quadrate,
mindestens ein Register (915...920) zum Speichern der so aus den Bilddatenwerten fir das Vorlagebild und
das Teilbild berechneten Summen und Summen von Quadraten,

eine zweite Recheneinheit (921) zum Berechnen eines zur Auswertung der Ahnlichkeit jedes Teilbildes des
Suchbildes zum Vorlagebild benutzten Schrankenwerts, indem die Summe der Bilddatenwerte fiir das Vorla-
gebild und das Teilbild, die Summe ihrer Quadrate und ein der zweiten Recheneinheit von auflen vorgegebener
Wert benutzt werden,

eine dritte Recheneinheit (913, 914) zum Durchfiihren einer kumulativen Addition von Differenzen zwischen
jeweiligen Bilddatenwerten fir jedes Teilbild des Suchbildes und den jeweils entsprechenden Bilddatenwerten
fur das Vorlagebild und

eine Vergleichseinheit (923) zum Vergleichen des von der zweiten Recheneinheit (921) berechneten Schran-
kenwerts bei jeder Addition mit dem Ergebnis der von der dritten Recheneinheit (913, 914) berechneten ku-
mulativen Additionen.

8. Vorrichtung nach Anspruch 7, wobei die erste Recheneinheit (910, 1000) Summen von Bilddatenwerten fir eine
Gruppe von Bereichen des Suchbildes, deren jeder aus Pixeln aus einer Spalte und mit der gleichen Zeilennummer
wie im Vorlagebild zusammengesetzt ist, und die Summe der Bilddatenwerte fir jedes Teilbild durch Kombinieren
der Summen der Bilddatenwerte flr die Gruppe von Bereichen berechnet und ferner Summen von Quadraten von
Bilddatenwerten fiir eine Gruppe von Bereichen des Suchbildes, deren jeder aus Pixeln aus einer Spalte und mit
der gleichen Zeilennummer wie im Vorlagebild zusammengesetzt ist, und Summen von Quadraten von Bilddaten-
werten fiir jedes Teilbild durch Kombinieren von Summen von Quadraten von Bilddatenwerten fiir die Gruppe von
Bereichen berechnet.

9. Vorrichtung nach Anspruch 7, wobei die erste Recheneinheit (910, 1000) berechnet:

Summen von Bilddatenwerten fiir eine Gruppe von Bereichen des Suchbildes, deren jeder aus Pixeln aus
einer Spalte und mit der gleichen Zeilennummer wie im Vorlagebild zusammengesetzt ist und deren Anfangs-
punkte in der ersten Zeile des Suchbildes in der Hauptscanrichtung liegen, und Summen von Bilddatenwerten
fur eine weitere Gruppe von Bereichen des Suchbildes, deren jeder aus Pixeln aus einer Spalte und mit der
gleichen Zeilennummer wie im Vorlagebild zusammengesetzt ist und deren Anfangspunkte jeweils in den
anderen Zeilen des Suchbildes liegen, indem ein Bilddatenwert eines Pixels, das aus jedem Bereich der vor-
herigen Gruppe von Bereichen ausgeschlossen werden soll, von der Summe der Bilddatenwerte des jeweili-
gen Bereichs subtrahiert wird und ein Bilddatenwert eines Pixels, das zu jedem Bereich der vorherigen Gruppe
von Bereichen neu hinzukommen soll, zur Summe der Bilddatenwerte des jeweiligen Bereichs addiert wird,
ferner die Summe von Bilddatenwerten fiir jedes Teilbild durch Kombinieren der berechneten Summen von
Bilddatenwerten fur die Gruppe von Bereichen und die Summen von Quadraten von Bilddatenwerten fur eine
Gruppe von Bereichen des Suchbildes, deren jeder aus Pixeln aus einer Spalte und mit der gleichen Zeilen-
nummer wie im Vorlagebild zusammengesetzt ist und deren Anfangspunkte in der ersten Zeile liegen, und
Summen von Bilddatenwerten fiir eine weitere Gruppe von Bereichen des Suchbildes, deren jeder aus Pixeln
aus einer Spalte und mit der gleichen Zeilennummer wie im Vorlagebild zusammengesetzt ist und deren An-
fangspunkte in den anderen Zeilen des Suchbildes liegen, indem das Quadrat eines Bilddatenwerts eines
Pixels, das aus jedem Bereich der vorherigen Gruppe von Bereichen ausgeschlossen werden soll, von der
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Summe der Quadrate der Bilddatenwerte flir den jeweiligen Bereich subtrahiert wird und das Quadrat eines
Bilddatenwerts eines Pixels, das zu jedem Bereich der vorherigen Gruppe von Bereichen neu hinzukommen
soll, zur Summe der Quadrate der Bilddatenwerte fir den jeweiligen Bereich addiert wird und

die Summe der Quadrate der Bilddatenwerte fiir jedes Teilbild durch Kombinieren der berechneten Summen
der Quadrate von Bilddatenwerten fir die Gruppe von Bereichen.

10. Vorrichtung nach Anspruch 6, wobei der Prozessor enthalt:

einen Bildprozessor (1101) zum Lesen von Bilddaten des Vorlagebildes und des Suchbildes aus dem Speicher
(1201, 1202), zum Berechnen des Schrankenwerts jedes Teilbildes des Suchbildes fur die Auswertung der
Ahnlichkeit zum Vorlagebild und zum Auswerten der Ahnlichkeit des Teilbildes,

einen Host-Rechner (1102) zum Verwalten der vom Bildprozessor (1101) ausgefihrten Verarbeitung und
ein Anzeigegeréat (1104) zum Anzeigen des Vorlagebildes und des Suchbildes, deren Bilddaten im Speicher
gespeichert sind, und der Teilbilder, die grof3e Korrelationen mit dem Vorlagebild aufweisen.

Revendications

Procédé de concordance de modéles comportant les étapes consistant a :

obtenir une valeur de seuil en tant que mesure d'évaluation de similitude en utilisant des valeurs de données
d'image de pixels dans une image modéle et des valeurs de données d'image de pixels dans une sous-image
d'une image de recherche a traiter, la taille de la sous-image étant égale a celle de ladite image modéle, et
obtenir le carré de la différence entre une valeur de données d'image d'un pixel dans ladite sous-image a
traiter et une valeur de données d'image d'un pixel correspondant dans ladite image modéle,

caractérisé par les étapes supplémentaires consistant a :

effectuer une addition cumulative pour ledit carré, et
répéter les étapes d'obtention du carré et d'exécution de I'addition cumulative,

dans lequel, si le résultat de ladite addition cumulative dépasse ladite valeur de seuil, I'évaluation de la
similitude pour ladite sous-image est fermée.

Procédé selon la revendication 1, comportant I'étape supplémentaire consistant a obtenir la somme (A) de valeurs
de données d'image de pixels dans une image modéle, la somme (B) de carrés de valeurs de données d'image
de pixels dans ladite image modéle, la somme (C) de valeurs de données d'image de pixels dans une sous-image
d'une image de recherche a traiter, la somme (D) de carrés de valeurs de données d'image de pixels dans ladite
sous-image de l'image modéle, dans lequel une valeur de seuil (F) est obtenue sur la base de I'équation (1) :

2 2
- 2AC g AL .S
F=B+D-~5=-2E B 5 ID =, (1)

ou (P) est le nombre de pixels dans ladite image modeéle, et (E) est une valeur positive prédéfinie inférieure a 1.

Procédé selon la revendication 2, dans lequel la somme, et la somme des carrés, des valeurs de données d'image
pour une sous-image voisine de la sous-image qui a été traitée sont obtenues en utilisant la somme déja obtenue,
et la somme des carrés déja obtenue, de valeurs de données d'image pour la sous-image qui a été traitée.

Procédé selon la revendication 2, dans lequel, si le résultat final de ladite addition cumulative pour ladite sous-
image est inférieur a ladite valeur de seuil, un coefficient de corrélation normalisée entre ladite sous-image et
ladite image modéle est obtenu et est établi a ladite valeur E en tant que nouvelle valeur.

Procédé selon la revendication 1, comportant I'étape supplémentaire consistant a extraire des sous-images ou
pour chacune d'entre elles, la somme des carrés des différences entre des valeurs de données d'image respectives
de pixels dans ladite sous-image a traiter et une valeur de données d'image de pixels correspondants respectifs
dans ladite image modéle ne dépasse pas ladite valeur de seuil.
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Dispositif de concordance de modéles pour exécuter le procédé selon la revendication 1, comportant :

au moins une mémoire (1703, 1704 ; 1201, 1202) pour mémoriser des données d'image d'une image modéle
et d'une image de recherche, et

un processeur (910, 913, 914, 921, 923 ; 1101) pour lire des données d'image de ladite image modele et de
ladite image de recherche a partir de ladite mémoire (1703, 1704 ; 1201, 1202), obtenir une valeur de seuil
utilisée pour évaluer la similitude a ladite image modéle, de chaque sous-image de ladite image de recherche,
et évaluer la similitude de ladite sous-image.

Dispositif selon la revendication 6,

dans lequel les données d'image de ladite image modéle sont mémorisées dans une premiére mémoire
(1703) et les données d'image de ladite image de recherche sont mémorisées dans une seconde mémoire (1704),
et

dans lequel ledit processeur inclut

un premier calculateur (910) pour lire a partir de ladite premiére mémoire (1703) des valeurs de données
d'image de pixels dans ladite image modéle, obtenir la somme, et la somme des carrés, desdites valeurs de
données d'image, lire a partir de ladite seconde mémoire (1704) des valeurs de données d'image de pixels
dans chaque sous-image de ladite image de recherche, dont |a taille est égale a celle de ladite image modéle,
et obtenir la somme, et la somme des carrés,

au moins un registre (915 ... 920) pour mémoriser les sommes, et les sommes des carrés, ainsi obtenues
desdites valeurs de données d'image pour ladite image modéle et ladite sous-image,

un deuxieéme calculateur (921) pour calculer une valeur de seuil utilisée pour évaluer la similitude a ladite
image modéle de chaque sous-image de ladite image de recherche en utilisant lesdites sommes, et lesdites
sommes des carrés, desdites valeurs de données d'image pour ladite image modéle et ladite sous-image, et
une valeur établie depuis I'extérieur dudit deuxiéme calculateur,

un troisieme calculateur (913, 914) pour exécuter une addition cumulative des différences entre des valeurs
de données d'image respectives pour chaque sous-image de ladite image de recherche et des valeurs de
données d'image correspondantes respectives pour ladite image modéle, et

un comparateur (923) pour comparer, dans chaque addition, la valeur de seuil obtenue par ledit deuxiéme
calculateur (921) au résultat de ladite addition cumulative obtenu par ledit troisi€me calculateur (913, 914).

Dispositif selon la revendication 7, dans lequel ledit premier calculateur (910 ; 1000) obtient des sommes de valeurs
de données d'image pour une pluralité de zones de ladite image de recherche, chaque zone étant constituée de
pixels pour une colonne et le méme nombre de rangées que dans ladite image modele, et ladite somme de valeurs
de données d'image pour chaque sous-image en combinant lesdites sommes de valeurs de données d'image pour
ladite pluralité desdites zones, et obtient en outre des sommes de carrés de valeurs de données d'image pour une
pluralité de zones de ladite image de recherche, chaque zone étant constituée de pixels pour une colonne et le
méme nombre de rangées que dans ladite image modéle, et ladite somme de carrés de valeurs de données
d'image pour chaque sous-image en combinant lesdites sommes de carrés de valeurs de données d'image pour
ladite pluralité desdites zones.

Dispositif selon la revendication 7, dans lequel ledit premier calculateur (910 ; 1000)

obtientdes sommes de valeurs de données d'image pour une pluralité de zones de ladite image de recherche,
chaque zone étant constituée de pixels pour une colonne et le méme nombre de rangées que dans ladite image
modele, dont les points de début sont dans une premiére ligne de ladite image de recherche dans la direction de
balayage principal, et des sommes de valeurs de données d'image pour une pluralité suivante de zones de ladite
image de recherche, chaque zone étant constituée de pixels pour une colonne et le méme nombre de rangées
que dans ladite image modele, dont les points de début sont dans chacune des autres lignes de ladite image de
recherche, en soustrayant une valeur de données d'image d'un pixel qui doit étre exclu de chaque zone de ladite
précédente pluralité desdites zones, a partir de la somme de valeurs de données d'image pour ladite zone, et en
ajoutant une valeur de données d'image d'un pixel qui doit étre nouvellement ajouté a chaque zone de ladite
précédente pluralité desdites zones, a la somme de valeurs de données d'image pour ladite zone,

obtient en outre ladite somme de valeurs de données d'image pour chaque sous-image en combinant lesdites
sommes obtenues de valeurs de données d'image pour ladite pluralité desdites zones, et les sommes de carrés
de valeurs de données d'image pour une pluralité de zones de ladite image de recherche, chaque zone étant
constituée de pixels pour une colonne et le méme nombre de rangées que dans ladite image modéle, dont les
points de début sont dans ladite premiére ligne, et des sommes de valeurs de données d'image pour une pluralité
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suivante de zones de ladite image de recherche, chaque zone étant constituée de pixels pour une colonne et le
méme nombre de rangées que dans ladite image modéle, dont les points de début sont dans d'autres lignes de
ladite image de recherche, en soustrayant le carré d'une valeur de données d'image d'un pixel a exclure de chaque
zone de ladite précédente pluralité desdites zones, a partir de la somme des carrés des valeurs de données
d'image pour ladite zone, et en ajoutant le carré d'une valeur de données d'image d'un pixel a nouvellement ajouter
a chaque zone de ladite précédente pluralité de zones, a la somme des carrés des valeurs de données d'image
pour ladite zone, et

obtient la somme des carrés de valeurs de données d'image pour chaque sous-image en combinant lesdites
sommes obtenues des carrés de valeurs de données d'image pour ladite pluralité desdites zones.

10. Dispositif selon la revendication 6, dans lequel ledit processeur inclut :

un processeur d'image (1101) pour lire des données d'image de ladite image modéle et ladite image de re-
cherche a partir de ladite mémoire (1201, 1202), obtenir une valeur de seuil de chaque sous-image de ladite
image de recherche pour évaluer la similitude a ladite image modéle, et évaluer la similitude de ladite sous-
image,

un ordinateur hote (1102) pour gérer le traitement exécuté par ledit processeur d'image (1101), et

un dispositif d'affichage (1104) pour afficher ladite image modéle et ladite image de recherche, dont les don-
nées d'image sont mémorisées dans ladite mémoire, et des sous-images ayant de grandes corrélations avec
les images modéles.
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