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(54) Apparatus and method for the integrated processing of defect images

(57) A defect integrated processing apparatus and
method for performing a processing in an integrated
fashion of various kinds of defect and then detecting the
accurate number, positions, sizes, etc. of the defects in
detail, includes detecting light-and-shade defects based
on an image data obtained by picking up an object to be
inspected. Edges and minute defects on the object are
detected by performing a differential processing of the

image data, low contrast light-and-shade defects are
detected by performing an integral processing of the
image data obtained through the image pick-up device
and then a differential processing of an obtained inte-
grated image, and an integrated information of defects
is obtained by performing a processing in an integrated
fashion of detected defects.



EP 0 974 831 A2

2

Description

[0001] The present invention relates to a defect integrated processing apparatus for performing an integrated
processing of light and shade and/or smudgy defects and method thereof.
[0002] More particularly, the invention relates to a defect integrated processing apparatus and method for use in
inspection of defects on, for example, a plain material roll (or web) based on image data which is produced by an image
pick-up camera, picking up an image of the web (e.g., paper, film and nonwoven fabric, etc.) having a certain width and
travelling in one direction,
[0003] Conventionally, various inspection apparatuses are well known. In a typical inspection apparatus, an image of
a workpiece such as a web is picked up by using a camera and light-and-shade or minute defects of the workpiece are
inspected through the use of an image signal obtained by the camera.
[0004] For example, Fig. 16 of the accompanying drawings is a block diagram showing a conventional light-and-shade
inspection apparatus 160. Apparatus 160 includes a line-sensor camera 1 for picking up an image of a web 2 as an
inspected object having a constant width and travelling in one direction, an illuminator 3 for illuminating a zone R picked
up by the camera 1, and an image processing device 4 for processing data of an image picked up by the camera 1 and
inspecting a defect on the web.
[0005] The line-sensor camera 1 includes, for example, a photodetector array of 1024 elements (e.g., a charge-cou-
pled device (CCD)) disposed along a line. Specifically, the camera 1 is disposed upwardly of a central portion along a
width (or transverse) direction of the web so that the photodetectors are arranged in a line array across the web in the
transverse (width) direction thereof and in parallel with the transverse direction. The illuminator 3 is disposed down-
wardly of (e.g., beneath) the web 2 so as to illuminate the zone R to be picked up by the camera 1 from a rear surface
of the web 2.
[0006] The image processing device 4 detects a light-and-shade defect by judging whether obtained image data such
as a brightness (e.g., luminance) information is more than a predetermined value, or detects low contrast light-and-
shade defects such as crevice spots and oil stains, etc., by, as a macro-filter processing, segmenting (e.g., partitioning)
image data at every predetermined range to form a plurality of segments and performing an integration within the
respective segments. Thereafter, a differentiation is performed by obtaining respective differences between segments
of those integration values, or, functions to detect edges and minute defects by a micro-filter processing, using a differ-
entiating filter processing.
[0007] However, such a conventional inspection apparatus 160 is limited to a processing operation for separately or
independently detecting those various defects. Thus, in the conventional inspection apparatus, a defect may be
detected to be defects of more than one kind on the workpiece (e.g., a defect may be counted as a first type of defect
and as a second type of defect, even though the defect constitutes a single defect). As a result, the number of defects
may be incorrectly detected (e.g., to be greater than an actual number of defects).
[0008] Additionally, it is impossible to know from the detected results which features, such as an actual profile and
size, etc., the respective defects as detected have on the workpiece. Further, in the detection of the low contrast light-
and-shade defect by using the macro-filter processing, the presence and the absence of defects are detected at each
segment (e.g., at a segment unit) defining an integrating range. Consequently, a spatial resolution becomes coarse
depending on how segments on the image data are established. Thus, accurately detecting defect positions and sizes
is difficult.
[0009] In a first aspect, a defect integrated processing apparatus according to the present invention for use in picking
up an image of an object to be inspected to obtain image data and then, based on the image data, inspecting defects
on the object in an integrated fashion, includes:

an image pick-up device for picking up an image of an object to output image data;
a light-and-shade defect detecting portion for detecting light-and-shade defects on the object based on the image
data obtained through the image pick-up device;
a minute defect detecting portion for detecting edges and minute defects on the object by performing a differential
processing of the image data obtained through the image pick-up device;
a low contrast light-and-shade defect detecting portion for performing a differential processing of an integrated
image obtained through an integral processing of the image data obtained through the image pick-up device; and
a defect integrated processing portion for obtaining an integrated information involving defects by performing a
processing, in an integrated fashion, of the respective defects of the light-and-shade defects obtained through the
light-and-shade defect detecting portion, the minute defects obtained from the minute defect detecting portion, and
the low contrast light-and-shade defects obtained through the low contrast light-and-shade defect detecting portion.

[0010] With this arrangement, various kinds of defects are processed in an integrated fashion to allow a detailed
detection to obtain an accurate defect information about, for example, a number of defects, positions of defects, and/or
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sizes thereof, etc..

[0011] Also, according to the present invention, the light-and-defect detecting portion may include:

a projection operation portion for calculating a projection data by adding together a predetermined number of image
data at a given position along a certain direction of the object, which image data are obtained through the image
pick-up device;
a background operation portion for calculating a background lightness across a width direction of the object, based
on the projection data obtained through the projection operation portion; and
a difference operation portion for removing variations of the background lightness across the width direction
obtained through the background lightness operation portion from the image data obtained through the image pick-
up device by subtracting a former background lightness from a latter image data.

[0012] With this arrangement, variations of the background lightness caused by the camera's and illuminator's optical
systems and the sizes of defects, can be eliminated precisely, thereby achieving a highly reliable defect integrated
processing.
[0013] Also, according to the present invention, the background lightness operation portion may include:

a filter for performing a smoothing processing of the projection data across the width direction of the object obtained
through the projection operation portion; and
a normalizing portion for calculating the background lightness by dividing the smoothed data through the filter by
the predetermined number used for adding together the image data at the given position.

[0014] With the projection operation portion, the number of data which are processed through smoothing can be
increased substantially, thereby increasing the length of the smoothed data in comparison with the defect size. There-
fore, an affect of the defects on the background lightness calculation by the smoothing processing, can be reduced,
thereby performing a highly accurate background lightness calculation.
[0015] Additionally, the defect integrated processing apparatus, according to the present invention, may include a
comparing portion for comparing the output of the difference operation portion with a predetermined value to detect the
light-and-shade defects. With this arrangement, the light-and-shade defects can be detected reliably.
[0016] Further, in the defect integrated processing apparatus according to the present invention, the light-and-shade
defect detecting portion may include a light-and-shade feature detecting portion for detecting light-and-shade features
by establishing on an image based on the image data a mesh pattern of meshes, each mesh being a predetermined
size, and then counting the number of pixels, each pixel being present within each mesh and larger than a light defect
threshold value and similarly counting the number of pixels, each pixel being present within each mesh and smaller than
a shade defective threshold value.
[0017] Further, in the defect integrated processing apparatus according to the present invention, the low contrast light-
and-shade defect detecting portion may include a macro-filter processing portion, the macro-filter processing portion
including:

an integrating operation portion for obtaining an integrated image by dividing an image including image data out-
putted from the image pick-up device into a plurality of meshes which are of substantially equivalent areas to each
other and then adding together the image data present within each divided mesh;
a differentiating operation portion for obtaining a differentiated image by performing a difference operation at every
predetermined interval between meshes in connection with the integrated image obtained by the integrating oper-
ation portion; and
a contrast defect detecting portion for detecting low contrast defects based on the differentiated image obtained by
the differentiating operation portion.

[0018] With such a macro-filter, low contrast light-and-shade defects such as an oil stain, contaminant, mark, etc. can
be detected with high accuracy.
[0019] Further, in the defect integrated processing apparatus according to the present invention, the low contrast light-
and-shade defect detecting portion may include a plurality of macro-filter processing portions similar to the above-men-
tioned macro-filter processing portion, the macro-filter processing portions being different from each other in mesh size
in a range of which the addition of the image data is performed by the integrating operation portion and different from
each other in threshold value which is varied dependent on the mesh size and based on which defects are detected by
the contrast defect detecting portion.
[0020] Furthermore, in the defect integrated processing apparatus according to the present invention, the low contrast
defect detecting portion further may include a macro-filter integrated processing portion, the macro-filter integrated
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processing portion being adapted for, among meshes of different sizes in each range of which the addition of the image
data is performed by the integrating operation portion, subtracting from a value of the integrated image having defects
and obtained through a smaller mesh size its average value so as to obtain a subtracted value, subtracting the sub-
tracted value from a value of the integrated image obtained through a larger mesh size so as to obtain a differentiated
image in the larger mesh size, and, based on the differentiated image, judging and detecting low contrast defects in the
larger mesh size.

[0021] With this arrangement, for example, a defect detected through a smaller mesh may be prevented from being
again detected as another, different defect detected through a larger mesh, thereby preventing counting a defect twice.
Thus, the number of defects counted will not include the same, duplicate defect.
[0022] Further, in the defect integrated processing apparatus according to the present invention, the macro-filter inte-
grated processing portion may be adapted for outputting to the defect integrated processing portion the respective val-
ues, as macro-defect features, based on the integrated images involving defects obtained through the macro-filter
integrated processing portion as well as the information of mesh positions.
[0023] Further, in the defect integrated processing apparatus according to the present invention, the minute defect
detecting portion may include:

a micro-filter processing portion adapted for obtaining vertical and horizontal differentiated images of an image
based on the image data, calculating an added image which is an average of sum of the vertical and horizontal dif-
ferentiated images, and highlighting a minute defect by smoothing the added image; and
a micro-filter feature detecting portion adapted for digitizing into binary values the output value from the micro-filter
processing portion, establishing a mesh pattern of meshes, each being of a predetermined size on the image
based on the image data, and counting the number of pixels, each pixel having the output value which is larger than
the threshold value at each mesh.

[0024] With this micro-filter, a minute defect such as a liner defect can be detected reliably.
[0025] Further, in the defect integrated processing apparatus according to the present invention, the threshold value
may include plural kinds of values (e.g., three kinds of values), at each of which the number of pixels is counted.
[0026] Further, in the defect integrated processing apparatus according to the present invention, the object to be
inspected may include a web having a constant width and travelling in a constant direction, and the image pick-up
device may include a line-sensor camera opposed to the object and disposed across the width direction thereof
[0027] Further, in the defect integrated processing apparatus according to the present invention, the defect integrated
processing portion may include:

a connectivity analyzing portion adapted for analyzing a connectivity among the light-and-shade defects obtained
by the light-and-shade defect detecting portion, the minute defects obtained through the minute defect detecting
portion, and the low contrast light-and-shade defects obtained by the low contrast light-and-shade defect detecting
portion; and
a defect feature calculating portion adapted for calculating a predetermined feature based on one defect obtained
through the connectivity analyzing portion.

[0028] With such an arrangement, for example, an area, a height and a width of a circumscribed polygon (e.g., rec-
tangle), an aspect ratio, a compactness, a structure parameter, an edge strength, and an average density which corre-
spond to the number of various defective pixels constituting one defect, may be obtained, thereby to obtain integrated
defect information.
[0029] Furthermore, in another aspect of the present invention, a defect integrated processing method for picking up
an image of an object to be inspected and then, based on its image data, inspecting in an integrated fashion defects of
the object, includes:

picking up an image of an object to be inspected to obtain image data;
based on light-and-shade information of the image data obtained through the image picking-up step, detecting
light-and-shade defects of the object;
performing a differential processing of the image data obtained through the image picking-up step to detect edges
and minute defects of the object;
performing an integral processing of the image data obtained through the image picking-up step to obtain an inte-
grated image and then performing a differential processing of the obtained integrated image to detect low contrast
light-and-shade defects; and
performing a processing in an integrated fashion of the light-and-shade defect, the minute defects, and the low con-
trast light-and-shade defects detected to obtain an integrated information of defects detected.
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[0030] The present disclosure relates to subject matter contained in Japanese Patent Application No. 10-205253, filed
July 21, 1998, which is expressly incorporated herein by reference in its entirety.

[0031] Apparatus and method, each in accordance with the present invention, will now be described, by way of exam-
ple, with reference to the accompanying drawings, in which:

Fig. 1 is a functional block diagram showing a preferred embodiment of a defect integrated processing apparatus
100;
Fig. 2 is a functional block diagram showing a light-and-shade defect detecting portion 6 of the apparatus 100 of
Figure 1;
Fig. 3 is a functional block diagram showing a minute defect detecting portion 7 of the apparatus of 100 Figure 1;
Fig. 4 is a functional block diagram showing a low contrast light-and-shade defect detecting portion 8 of the appa-
ratus 100 of Figure 1;
Fig. 5 is a functional block diagram showing a defect integrated processing portion 9 of the apparatus 100 of Figure
1;
Fig. 6 is a schematic diagram showing an image data;
Fig. 7 is a schematic diagram showing a data structure obtained through a number N of scans;
Fig. 8 is a schematic diagram showing a projection data;
Fig. 9 is a schematic diagram showing a smoothing processing of the projection data;
Fig. 10 is a schematic diagram showing a smoothed data;
Fig. 11 is a schematic diagram showing a normalized data;
Fig. 12 is a schematic diagram showing an image data inputted from an image input portion;
Fig. 13 is a schematic diagram showing an image data after removal of a background lightness;
Fig. 14 is a schematic diagram showing an exemplary one-dimensional filter; and
Fig. 15 is a schematic diagram showing an exemplary connectivity of a defect obtained by a connectivity analysis.

[0032] Referring to Fig. 1, a defect integrated processing apparatus 100 includes a line-sensor camera 1 for picking
up an image of a web 2 as an object to be inspected having a substantially constant width and travelling in one direction,
an illuminator 3 for illuminating a zone on the web over which the camera 1 picks up the web image, and an image
processing device 4A by which the image data picked up by the camera 1 are processed to perform an integrated
processing of defects (if any) on the web.
[0033] The line-sensor camera 1 includes, for example, 1024 photoreceptors (e.g., a charge- coupled device (CCD))
arranged in an array along a line and disposed above a central portion in a width direction or a direction across the width
of the web 2 and in a parallel relation to the width direction. The illuminator 3 is placed below (e.g., beneath) the web 2
so as to illuminate or light up a web zone R to be picked up by the camera 1 from a back side of the web 2.
[0034] As shown in Fig. 1, the image processing device 4A includes an image input portion 5 coupled to an output of
the camera 1, a light-and-shade defect detecting portion 6, a minute defect detecting portion 7, and a low contrast light-
and-shade defect detecting portion 8 which are coupled respectively to the image input portion 5, and a defect inte-
grated processing portion 9 to which portions 6, 7, 8 are coupled in parallel and for providing outputs to portion 9.
[0035] As shown in Figure 1, the image input portion 5 includes an analog-to-digital (A/D) converter 5a for performing
an A/D conversion of an image signal outputted from the camera 1, and a memory 5b for storing, as image data, image
signals produced by digitizing image analog signals obtained through a plurality of scans of the camera 1. As a result,
the image signals picked up by the camera 1 are captured (e.g., provided to and stored) in the image processing device
4.
[0036] As shown in Fig. 2, the light-and-shade defect detecting portion 6 includes a light-and-shade detecting filter
portion 61 coupled to an output of the image input portion 5, a comparing portion 62 coupled to an output of the light
and shade detecting filter portion 61, and a light-and-shade feature detecting portion 63 coupled to an output of the
comparing portion 62.
[0037] The light-and-shade detecting filter portion 61 includes a projection operation processing portion 611 coupled
to the output of the image input portion 5, a background lightness processing portion 612, and a subtracter 613. The
background lightness processing portion 612 includes a one-dimensional filter 612a coupled to an output of the projec-
tion processing portion 611 and a normalizing portion 612b coupled to an output of the one-dimensional filter 612a. The
subtracter 613 has inputs coupled to outputs of the normalization portion 612b and the image input portion 5.
[0038] The comparing portion 62 is coupled to an output of the subtracter 613 and includes a first comparator 621 for
comparing the output of the subtracter 613 with a first threshold value S1 and a second comparator 622 for comparing
the output of the subtracter 613 with a second threshold value S2.
[0039] The light-and-shade feature detecting portion 63 includes a light defect pixel counting portion 631 coupled to
an output of the first comparator 621, and a shade defect pixel counting portion 632 coupled to an output of the second
comparator 622.
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[0040] As shown in Fig. 3, the minute defect detecting portion 7 includes a micro-filter processing portion 71 and a
micro-filter feature detecting portion 72. The micro-filter processing portion 71 includes a horizontal differentiated image
output portion 711 and a vertical differentiated image output portion 712 both coupled to the output of the image input
portion 5, an adder 713 coupled to the horizontal and vertical differentiated image output portions 711, 712, and a
smoothing portion 714 coupled to an output of the adder 713.

[0041] The micro-filter feature detecting portion 72 includes a plurality (e.g,. three) comparators coupled respectively
to an output of the smoothing portion 714. Specifically, a first comparator 721 compares the output of the smoothing
portion 714 with a first preset value T1, a second comparator 722 compares the output of the smoothing portion 714
with a second preset value T2 (T2 > T1), and a third comparator 723 compares the output of the smoothing portion 714
with a third preset value T3 (T3> T2).
[0042] The micro-filter feature detecting portion 72 further includes a first pixel counting portion 724 coupled to an
output of the first comparator 721, a second pixel counting portion 725 coupled to an output of the second comparator
722, and a third pixel counting portion 726 coupled to an output of the third comparator 723.
[0043] As shown in Fig. 4, the low contrast light-and-shade defect detecting portion 8 includes first, second and third
macro-filter processing portions 81, 82, 83, respectively, and a macro-filter integrated processing portion 84 coupled to
outputs of the three macro-filter processing portions 81, 82, 83.
[0044] Each of the macro-filter processing portions 81, 82, 83 respectively includes integrating an operation portion
811, 821, or 831, each having an integrating range (mesh) different from the other to produce an integrated image by
performing addition within the integrating range, a differentiating operation portion 812, 822, or 832, each being coupled
to an output of its corresponding integrating operation portion to produce a differentiated image by differentiating its cor-
responding integrated image, a contrast defect detecting portion 813, 823, or 833, each being coupled to an output of
its corresponding differentiating operation portion to detect low contrast defects based on its corresponding differenti-
ated image by a threshold value different from the other, and an average value calculating portion 814, 824, or 834,
each determining an average value of its corresponding integrated image.
[0045] As shown in Fig. 5, the defect integrated processing portion 9 includes a connectivity analyzing portion 91
(e.g., coupled to outputs of the light defect pixel counting portion 631, shade defect pixel counting portion 632, first, sec-
ond and third pixel counting portions 724-726, and macro-filter integrated processing portion 84), and a defective fea-
ture detecting portion 92 coupled to an output of the connectivity analyzing portion 91.
[0046] Hereinafter, the operation of the first preferred embodiment will be described.
[0047] Fig. 6 is an image data structure captured into the memory 5b. In Fig. 6, a horizontal axis (X-axis) illustrates a
region of data positions which is scanned through one scan of the line-sensor camera 1 and an X-coordinate indicates
positions of the respective line-sensors which corresponds to positional coordinates on the web 2 in the width direction.
In the example of Fig. 6, a positional coordinate of x = 0 corresponds to an end or its neighboring portion of the web,
whereas a positional coordinate of x = M corresponds to the other end or its neighboring portion of the web. In this
embodiment, it is assumed that 1024 photoreceptors are used to pick up an image across the web's width with the posi-
tion M = 1024.
[0048] In Fig. 6, a vertical axis (Y-axis) indicates the number of scans of the camera 1 and has reference numerals 0
through 11 as the scan number affixed thereon For example, the scan number 0 indicates a first scan of the camera 1.
In Fig. 6, i numbers are labeled, each being organized every N scans sequentially. The i number can be expressed by

 with the Gaussian notation "[ ]".
[0049] Next, the light-and-shade defect detecting portion 6 will be described in connection with its operation.
[0050] The projection operation portion 611 in the light-and-shade detecting filter portion 61, as shown in Fig. 2, will
obtain a projection by using scan data of N lines (N x M) at a time from the memory, as being representative of its oper-
ation in Fig. 6.
[0051] As shown in Fig 7, N image data at each x-coordinate are added together to create a hatching portion S (i.e.,
image data at a predetermined position in the transverse direction of the object to be inspected are added together until
the number of its image data reaches a predetermined number), thereby providing a projection data as shown in Fig. 8.
[0052] This operation or calculation is expressed by the following equation (1):

wherein , N defines a number of lines to be added together, with this addition being performed up to the N line
numbers counting from  (i.e., up to ). Next, the one-dimensional filter 612a smooths the projec-
tion data, produced from the projection operation portion 611, in a range between +m and -m from its x-coordinate (x1)
in the x-axis direction, thereby producing a smoothed data as shown in Fig. 10. This operation or calculation is provided
by the following equation (2):

i = [y/N]

i = [y/N]
y = Ng i N g i + N - 1
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wherein the addition is performed with , and g is representative of, for example, a filter function, as shown in
Fig. 14, but it may be replaced by a constant.

[0053] The normalizing portion 612a divides the smoothed data by the number N of lines added together as above,
thereby obtaining a background lightness Gi(x), as shown in Fig. 11. This operation is given by the following equation
(3):

[0054] The subtracter 613 subtracts the obtained background lightness Gi(x) from image data f(x, y) newly inputted
from the camera 1 to the image input portion 5. This operation or calculation is provided by the following equation (4):

[0055] With this operation, the inputted image data f(x, y), as shown in Fig. 12, is changed into or expressed by a
function F(x, y) from which variations of the background lightness are eliminated, as shown in Fig. 13. In this case,
depending on the number of scans of the line-sensor camera 1, the number of data to be subjected to the filter process-
ing may be increased. As a result, the length of the smoothed data obtained by the filter can be set larger than the size
of the defects. Therefore, adverse affects of the defects' sizes, caused by eliminating the background variations, can be
reduced.
[0056] The first comparator 621 compares this function F(x, y) with the first threshold value S1 and then it is judged
to be a light defect if the function F(x, y) is larger than the first threshold value S1. Also, the second comparator 622
compares the function F(x, y) with the second threshold value S2 and then it is judged to be a shade defect if the func-
tion F(x, y) is lower (e.g., larger in its absolute value) than the second threshold value S2.
[0057] In the light-and-shade feature detecting portion 63, a lattice mesh pattern of meshes on an image is estab-
lished, each mesh being a predetermined size (16 x 16 pixels) set in the image. The light defective pixel counting por-
tion 631 counts pixels SH(i, j) which are judged to be light defects within their corresponding meshes, and then outputs
the resultant count to the defect integrated processing portion 9. Similarly, the shade defective pixel counting portion
632 counts pixels SL(i, j) which are decided to be shade defects within their corresponding meshes, and then outputs
the resultant count to the defect integrated processing portion 9.
[0058] Next, the minute defect detecting portion 7 will be described in connection with its operation.
[0059] The micro-filter processing portion 71 calculates a horizontal differentiated image and a vertical differentiated
image in connection with an objective image to be processed and includes the image data f(x, y). The horizontal differ-
entiated image output portion 711 performs the calculation in connection with the objective image f(x, y) to be proc-
essed as follows:

HORIZONTAL DIFFERENTIATED IMAGE:

[0060]

j = 0@2m
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[0061]      Also, the vertical differentiated image output portion 712 performs the calculation in connection with the objec-
tive image to be processed f(x, y) as follows:

VERTICAL DIFFERENTIATED IMAGE:

[0062]

[0063] The adder 713 calculates an added image FA(x, y), as follows, which is an average of sum of the vertical dif-
ferentiated image FV(x, y) and horizontal differentiated image FH(x, y) respectively obtained as above.

[0064] The smoothing portion 714 obtains a micro-filtered image FM(x, y) through a smoothing filter processing of the
added image FA(x, y) as follows:

MICRO-FILTERED IMAGE:

[0065]

[0066] The micro-filter feature detecting portion 72 performs the defect detection by digitizing into binary values (or
binary-digitizing) outputs of the smoothing portion 714 using the first, second and third comparators 721, 722, 723,
each having a threshold value or preset value (T1, T2, T3 with a relationship of T1<T2<T3). Subsequently, the first, sec-
ond and third pixel counting portions 724, 725, 726 obtain, respectively, the numbers SM

(1)(i, j), SM
(2)(i, j), SM

(3)(i, j) of
pixels present within each lattice mesh of the predetermined size (16 x 16 pixels) established on the image, and then
output them to the defect integrated processing portion 9.
[0067] Next, the low contrast light-and-shade defect detecting portion 8 will be described in connection with its oper-
ation.
[0068] In the first macro-filter processing portion 81, the integrating operation portion 811 establishes a mesh pattern
of meshes, each mesh being m x n pixels, on an inputted image, and then adds together the image data within each
mesh to obtain an integrated image F(x, y).
[0069] This integrated image F(x, y) can be expressed by the following equation (9):
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wherein a first Σ of the right side of the above equation (9) performs an addition of x' (the number of m) from 0 to m-1,
and a second Σ of the right side of the above equation (9)) performs an addition of y' (e.g., the number of m) from 0 to
m-1.

[0070] The differentiating operation portion 812 produces a differentiated image D(x, y) by obtaining a difference of
values between two integrated images F(x, y) in two meshes which are spaced from each other by a predetermined
interval, as follows:

wherein ∆x and ∆y respectively represent a distance between the meshes, each being an appropriate positive integer.
[0071] The contrast defect detecting portion 813 determines the existence of a defect when the value of D(x, y) pro-
duced from the equation (10) becomes larger than a predetermined threshold value T, as expressed by the following
equation (11):

[0072] On the other hand, the mean (or average) value calculating portion 814 calculates an average A(x) of the inte-
grated images F(x, y) by the following equation (12):

wherein the addition is performed from  to , the i is expressed by  with the Gaussian
notation [ ], and N is any average length.
[0073] Each of the second and third macro-filter processing portions 82 and 83 also performs a similar processing to
that performed by the first macro-filter processing portion 81. However, the meshes (integrating ranges) employed in
the respective integrating operations 821, 831 and the threshold values T employed in the respective defect detecting
portion 823, 833 are different from those employed in the first macro-filter processing portion 81.
[0074] In this embodiment, the mesh (e.g., the integrating range) employed in the first macro-filter processing portion
81 uses any one of, for example, 8 x 8, 8 x 16, 16 x 8, or 16 x 16 matrix of pixels. Further, the integrating range of the
second macro-filter processing portion is larger than that of the first macro-filter processing portion. and the integrating
range of the third macro-filter processing portion is larger than that of the second filter processing portion.
[0075] Next, the macro-filter integrated processing portion 84 will be described in connection with its operation.
[0076] The macro-filter integrated processing portion 84 performs the following processing to the respective defect
positions detected in the first, second and third macro-filter processing portions 81, 82, 83.
[0077] Here, it is assumed that, correspondingly to the integrated image produced in the first, second and third macro-
filter processing portions 81, 82, 83, the macro-filter integrated processing portion 84 employs S(1)(x, y), S(2)(x, y), and
S(3)(x, y) as integrated images and ts1, ts2, ts3 as defect detection threshold values. Further, defect matrixes, each of
which defines the presence and the absence of defects on the image f(x, y), are expressed by: D(1)(x, y), D(2)(x, y), and
D(3)(x, y). Also, defective feature matrixes, each of which defines a defective feature, are expressed by: V(1)(x, y), V(2)(x,
y), and V(3)(x, y). Further, an average of each column on each integrated image is respectively expressed by: A(1)(x),
A(2)(x), and A(3)(x).
[0078] In consideration of the above, the macro-filter integrated processing portion 84 performs the following opera-
tion to eliminate an affect of defects obtained in the first macro-filter processing portion on the second and third macro-
filter processing portions. In the following equation (13), it is assumed that m = 1, 2, 3 and the operation procedure is
performed in a sequence beginning from a smaller value of m to a larger value thereof

y' = N g i N g i + N-1 i = [y/N]
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wherein, the addition of the second term on the right side performs in connection with each value (k, 1) in the mesh
used for the calculation of the first macro-filter processing portion included in S(m)(x, y).

[0079] In a preparatory stage as mentioned above, the defect detection processing is performed as follows:

wherein, if it is found to be  , the following processing will be performed.

Also, if it is found to be , then the defect matrix will be

with

being defects.
[0080] On the other hand, if it is found to be , then the defect matrix will be

with

being defects.
[0081] Next, the defect integrated processing portion 9 will be described in connection with the operation of connec-
tivity analyzing portion 91.
[0082] The connectivity analyzing portion 91 synthesizes, every size of predetermined meshes (16 x 16 lattice pattern
of pixels), a plurality of defects of: the respective light and shade defective pixels SH(i, j) and SL(i, j) produced from the
light and shade defect pixel counting portions 631, 632 of the light-and-shade feature detecting portion 6; the respective
pixels SM

(1)(i, j), SM
(2)(i, j), SM

(3)(i, j) produced from the first, second and third pixel counting portions of the micro-filter
feature detecting portion 72; and the defect matrix  produced from the macro-filter integrated
processing portion, so as to conduct the connectivity analysis of the defects.
[0083] An example of this continuous defect is shown in Fig. 15. This connectivity analysis is performed by deciding
(e.g., judging) whether or not a connectivity is present between any one of mesh as a central one and eight (8) meshes
surrounding the central mesh (e.g., an 8-linkage rule).
[0084] The defective feature detecting portion 92 calculates a sum of various features representative of: the number
of light defective pixels SH(i, j), the number of shade defective pixels SL(i, j), the numbers of the respective pixels SM

(1)(i,

|∆ S (m) (x, y) | > t x
(m)

|S -|>|S +|

|S -|≤|S +|

D (m)(x +∆x, y +∆y)
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j), SM
(2)(i, j), SM

(3)(i, j) as being the macro-filter features, the macro-filter features V(1)(i, j), V(2)(i, j), V(3)(i, j) [correspond-
ing to V(m)(x, y)].

[0085] These features include, for example, an area, a height and a width of a Bounding Box (e.g., rectangle), an
aspect ratio, a compactness, a structure parameter, an edge strength, and an average density which correspond to the
numbers of various defective pixels constituting one defect.
[0086] Here, the compactness C is obtained as follows:

wherein, SB is the total number of SH(i, j) or SL(i, j) and SM is the total number SM
(1)(i, j).

[0087] Also, the structure parameter O is obtained as follows:

wherein Wx is a height of the defect, Wy is a width of the defect, and S is the number of meshes included in the defect.
[0088] Further, the edge strength Tα is obtained as follows:

wherein, S1, S2, S3 are respectively the total numbers of pixels S(1)(i, j), S(2)(i, j), S(3)(i, j) as the micro-filtered features,
T1, T2, T3 correspond respectively to the threshold values T1, T2, T3, and α is a constant.
[0088] As described above, the defect integrated processing apparatus according to the present invention includes
an image pick-up device for picking up an image of an object to be inspected to output an image data; a light-and-shade
defect detecting portion for detecting light-and-shade defects on the object based on the light-and-shade information of
the image data obtained through the image pick-up device; a minute defect detecting portion for detecting edges and
minute defects on the object by performing a differential processing of the image data obtained through the image pick-
up device; a low contrast light-and-shade defect detecting portion for detecting low contrast light-and-shade defects on
the object by performing a differential processing of an integrated image obtained through an integral processing of the
image data obtained through the image pick-up device; and a defect integrated processing portion for obtaining an inte-
grated information involving defects by performing a processing, in an integrated fashion, of the respective defects of
the light-and-shade defects obtained through the light-and-shade defect detecting portion, the minute defects obtained
through the minute defect detecting portion, and the low contrast light-and-shade defects obtained through the low con-
trast light-and-shade defect detecting portion.
[0090] As a result, various defects will be processed in an integrated fashion to allow a detailed detection to obtain an
accurate defect information about numbers, positions, and sizes thereof.
[0091] While the invention has been described in terms of a single preferred embodiment, those skilled in the art will
recognize that the invention can be practiced with modification within the scope of the appended claims.

Claims

1. Defect integrated processing apparatus (100) for use in picking up an image of an object (2) to be inspected to
obtain image data and then, based on the image data, inspecting defects of the object in an integrated fashion,
comprising:

an image pick-up device (1) for picking up an image of an object (2) to output image data;
a light-and-shade defect detecting portion (6) for detecting light-and-shade defects on the object (2) based on
the image data obtained by said image pick-up device (1);
a minute defect detecting portion (7) for detecting edges and minute defects on the object (2) by performing a
differential processing of the image data obtained by said image pick-up device (1);

T a =
S 1.T1

a -1

S 1.T1
a -1+S 2.T2

a -1+S 3.T3
a -1

------------------------------------------------------------------------T1
a +

S 2.T2
a -1

S 1.T1
a -1+S 2.T2

a -1+S 3.T3
a -1

------------------------------------------------------------------------T2
a +

S 3.T3
a -1
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a -1+S 2.T2

a -1+S 3.T3
a -1
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a

5

10

15

20

25

30

35

40

45

50

55



EP 0 974 831 A2

12

a low contrast light-and-shade defect detecting portion (18) for performing a differential processing of an inte-
grated image obtained by an integral processing of the image data obtained by said image pick-up device (1);
and

a defect integrated processing portion (9) for obtaining an integrated information involving defects by perform-
ing a processing, in an integrated fashion, of the respective defects of the light-and-shade defects obtained by
said light-and-shade defect detecting portion (6), the minute defects obtained from said minute defect detecting
portion (7), and the low contrast light-and-shade defects obtained by said low contrast light-and-shade defect
detecting portion (8).

2. Defect integrated processing apparatus as claimed in claim 1, wherein said light-and-defect detecting portion (6)
includes:

a projection operation portion (611) for calculating projection data by adding together a predetermined number
of image data at a given position along a certain direction of the object, said image data being obtained by said
image pick-up device (1); and
a background operation portion (612) for calculating a background lightness across a width direction of the
object, based on the projection data obtained by said projection operation portion (611);
a difference operation portion (613) for removing variations of the background lightness across the width direc-
tion obtained by said background lightness operation portion (612) from the image data obtained through said
image pick-up device by subtracting a former background lightness from a latter image data.

3. Defect integrated processing apparatus as claimed in claim 2, wherein said background lightness operation portion
(612) includes:

a filter (612a) for performing a smoothing processing of the projection data across the width direction of the
object obtained by said projection operation portion; and
a normalizing portion (612b) for calculating the background lightness by dividing the smoothed data through
said filter by the predetermined number used for adding together the image data at a given position.

4. Defect integrated processing apparatus as claimed in claim 2 or claim 3, comprising a comparing portion (62) for
comparing the output of said difference operation portion with a predetermined value.

5. Defect integrated processing apparatus as claimed in any one of the preceding claims, wherein said light-and-
shade defect detecting portion (6) includes a light-and-shade feature detecting portion (63) for detecting light-and-
shade features by establishing on an image based on the image data a mesh pattern of meshes, each mesh being
a predetermined size, and then counting the number of pixels, each pixel being present within each mesh and
larger than a light defect threshold value and similarly counting the number of pixels, each pixel being present within
each mesh and smaller than a shade defect threshold value.

6. Defect integrated processing apparatus as claimed in any one of the preceding claims, wherein said low contrast
light-and-shade defect detecting portion (8) comprises a macro-filter processing portion (81, 82, 83), said macro-
filter processing portion including:

an integrating operation portion (811, 821, 831) for obtaining an integrated image by dividing an image formed
of image data outputted from said image pick-up device (1) into a plurality of meshes which have equivalent
areas to each other and then adding together the image data present within each divided mesh;
a differentiating operation portion (812, 822, 832) for obtaining a differentiated image by performing a differ-
ence operation at a predetermined interval between meshes in connection with the integrated image obtained
by said integrating operation portion; (811, 821, 831) and
a contrast defect detecting portion (813, 823, 833) for detecting low contrast defects based on the differentiated
image obtained by said differentiating operation portion (812, 822, 832).

7. Defect integrated processing apparatus as claimed in any one of the preceding claims, wherein said low contrast
light-and-shade defect detecting portion (8) includes a plurality of macro-filter processing portions (81, 82, 83), said
macro-filter processing portions being different from each other in mesh size in a range of which the addition of the
image data is performed by said integrating operation portion (811, 821, 831) and different from each other in a
threshold value which is varied depending on said mesh size and based on which defects are detected by said con-
trast defect detecting portion (813, 823, 833).
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8. Defect integrated processing apparatus as claimed in any one of the preceding claims, wherein said low contrast
defect detecting portion (8) includes a macro-filter integrated processing portion (84),

said macro-filter integrated processing portion (84) being adapted for, among meshes of different sizes in each
range of which the addition of the image data is performed by said integrating operation portion, subtracting,
from a value of the integrated image having defects and obtained through a smaller mesh size, its average
value so as to obtain its subtracted value, subtracting the subtracted value from a value of the integrated image
obtained through a larger mesh size so as to obtain a differentiated image in the larger mesh size, and, based
on the differentiated image, judging and detecting low contrast defects in the larger mesh size.

9. Defect integrated processing apparatus as claimed in claim 8. wherein said macro-filter integrated processing por-
tion (84) is adapted for outputting to said defect integrated processing portion the respective values, as macro-
defect features, based on the integrated images involving defects obtained by said macro-filter integrated process-
ing portion as well as information of mesh positions.

10. Defect integrated processing apparatus as claimed in any one of the preceding claims, wherein said minute defect
detecting portion (7) includes:

a minute defect detecting spatial filter processing portion (71) for obtaining vertical and horizontal differentiated
images of an image based on the image data, calculating an added image which is an average of a sum of the
vertical and horizontal differentiated images, and highlighting a minute defect by smoothing the added image;
and
a micro-filter feature detecting portion (72) for digitizing into binary values the output value from said minute
defect detecting spatial filter processing portion, establishing a mesh pattern of meshes each having a prede-
termined size on the image based on the image data, and counting the number of pixels, each pixel having said
output value which is larger than the threshold value at each mesh.

11. Defect integrated processing apparatus as claimed in claim 10, wherein the threshold value includes a plurality of
kinds of values, at each of which the number of pixels is counted.

12. Defect integrated processing apparatus as claimed in any one of the preceding claims, wherein said object (2) to
be inspected includes a web having a substantially constant width and travelling in a constant direction, and

wherein said image pick-up (1) device includes a line-sensor camera which is opposed to said object and dis-
posed across the width direction thereof.

13. The defect integrated processing apparatus as claimed in any one of the preceding claims, wherein said defect
integrated processing portion (9) includes:

a connectivity analyzing portion (91) for analyzing a connectivity among the light-and-shade defects obtained
by said light-and-shade defect detecting portion (6), the minute defects obtained by said minute defect detect-
ing portion (7), and the low contrast light-and-shade defects obtained by said low contrast light-and-shade
defect detecting portion (8); and
a defect feature calculating portion (92) for calculating a predetermined feature based on a defect obtained by
said connectivity analyzing portion (91).

14. Defect integrated processing apparatus (100), comprising:

a first-type defect detecting portion for detecting first-type defects on an object based on image data related to
said object and inputted to said first-type defect detecting portion;
a second-type defect detecting portion for detecting edges and second-type defects on the object by perform-
ing a differential processing of the image data;
a third-type defect detecting portion for performing a differential processing of an integrated image obtained by
an integral processing of the image data; and
a defect integrated processing portion for obtaining an integrated information involving defects by performing a
processing, in an integrated fashion, of the respective defects of the first-type defects obtained by said first-
type defect detecting portion, the second-type defects obtained from said second-type defect detecting portion,
and the third-type defects obtained by said third-type defect detecting portion.
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15. Defect integrated processing apparatus as claimed in claim 14, comprising:

an image pick-up device for picking up an image of the object to output the image data to said first-type defect
detecting portion.

16. The defect integrated processing apparatus as claimed in claim 14 on 5, wherein said first-type defect detecting
portion comprises a light-and-shade defect detecting portion, said second-type defect detecting portion comprises
a minute defect detecting portion, and said third-type defect detecting portion comprises a low contrast light-and-
shade defect detecting portion.

17. Image processing apparatus for a defect integrated processing system, comprising:

a first-type defect detecting portion for detecting first-type defects on an object based on image data related to
said object and inputted to said first-type defect detecting portion;
a second-type defect detecting portion for detecting edges and second-type defects on the object by perform-
ing a differential processing of the image data;
a third-type defect detecting portion for performing a differential processing of an integrated image obtained by
an integral processing of the image data; and
a defect integrated processing portion for obtaining an integrated information involving defects by performing a
processing, in an integrated fashion, of the respective defects of the first-type defects obtained by said first-
type defect detecting portion, the second-type defects obtained from said second-type defect detecting portion,
and the third-type defects obtained by said third-type defect detecting portion.

18. A defect integrated processing method, comprising:

based on light-and-shade information of an image data of an object, detecting light-and-shade defects of the
object;
performing a differential processing of the image data to detect edges and minute defects of the object;
performing an integral processing of the image data to obtain an integrated image and then performing a dif-
ferential processing of the obtained integrated image to detect low contrast light-and-shade defects; and
performing a processing in an integrated fashion of the light-and-shade defects, the minute defects, and the low
contrast light-and-shade defects to obtain an integrated information of defects detected.

19. The method according to claim 18, comprising:

picking up an image of the object to be inspected to obtain the image data.
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