DETECTION METHOD AND DETECTION SYSTEM
FIELD OF THE DISCLOSURE

[0001] The present disclosure relates to the technical field of color difference detection,

and in particular relates to a detection method and a detection system.

BACKGROUND

[0002] After the manufacturing process of the semiconductor wafer is completed, the
semiconductor wafer (also known as wafer) needs to be detected, for example, the surface
of the die of the wafer is detected whether there is a defect (such as a foreign material, a
scratch, etc.) to confirm whether the product is qualified. The usual method is to first select
a qualified wafer, select some qualified dies on this wafer, and then use these dies to
generate a standard reference die image. During detection, the die image of each die to be
detected is compared with the standard reference die image, if the grayscale value
difference between the image of the die to be detected and the image of the standard
reference die exceeds the predetermined threshold, it is considered that there is a defect on

the die to be detected which then is identified for subsequent processing.

[0003] The know detection methods can meet the detection requirements of most
conventional wafers, but due to the known process problems in the industrial production
process, differences of the average grayscale values of different die images on the same
wafer are often very big. For example, in the two die images shown in FIGS. 1a and 1b, the
difference between average grayscale values of the two is very big, if the traditional
standard reference image is continued to use, in the case of matching the standard die
image with die images with different average grayscale values, when the grayscale scale
difference between the two is large, problems such as matching errors or misalignment are

easily to occur, which will affect subsequent detection.

SUMMARY

[0004] Since the known current color difference detection technology for wafers only
generates a standard reference die image for the same type of wafers, all the die to be
detected need to be compared with the standard reference die image. In order to
compensate for the grayscale value difference between different die images of the same

wafer in the prior art, the reference threshold setting range must be expanded, so that when



the difference between the defect in the die image and the neighboring normal pixels
thereof is not too large, the grayscale value difference between the die image and the
standard reference die image is also very small, so it is easy to miss the defect with smaller

contrast, or occur that the matching is inaccurate during the matching and alignment.

[0005] For the above problems, the first aspect of the present disclosure proposes a
detection method, comprising:

creating a plurality of template images based on a reference object, wherein the
reference object includes a plurality of units, and the plurality of template images are unit

images with different average grayscale values;

calculating a first average grayscale value of a unit image to be detected:;

selecting a first template image from the plurality of template images based on the
first average grayscale value, wherein a difference between an average grayscale value of
the first template image and the first average grayscale value is smallest; and

performing color difference detection on the unit image to be detected based on the

first template image.

[0006] In an embodiment according to the first aspect of the present disclosure, creating

a plurality of template images based on a reference object comprises:

scanning the reference object to generate a reference object image, wherein the
reference object image includes a plurality of unit images;

selecting one or several unit images from the plurality of unit images to form a first
unit image set;

classifying the first unit image set based on a first average grayscale value interval
to form one or more grayscale classes, wherein each grayscale class includes one or more
unit images;

generating a corresponding average grayscale image based on all of unit images in
each grayscale class; and

forming the template image according to the average grayscale image of each
grayscale class.
[0007] In an embodiment according to the first aspect of the present disclosure, forming
a template image according to an average grayscale scale image of each grayscale scale

class comprises:



the step of forming the template image according to the average grayscale image of
each grayscale class comprises:
determining whether there is an average grayscale value difference between any
number of average grayscale images of the corresponding average grayscale image
generated for the reference object is smaller than a second grayscale value interval;
retaining any of the plurality of average grayscale images as a template image,
when there is the average grayscale value difference is less than the second average
grayscale value of the second grayscale value interval; or
the step of forming the template image according to the average grayscale image of
each grayscale class includes:
each average grayscale image being used as a template image.
[0008] In an embodiment according to the first aspect of the present disclosure, creating

a plurality of template images based on a reference object comprises:

creating the plurality of template images based on a single reference object; or
creating the plurality of template images based on at least two reference objects,
wherein grayscale value ranges of the at least two reference objects at least partially non-
overlap.
[0009] In an embodiment according to the first aspect of the present disclosure,
classifying the first unit image set based on a first average grayscale value interval to form

one or more grayscale classes comprises:

calculating an average grayscale value of each unit image of the first unit image set;

sorting the first unit image set based on the calculated average grayscale value of
each unit image to generate an image sequence associated with the first unit image set; and

in the image sequence, classifying the first unit image set based on the first average
grayscale value interval, so that the differences between the average grayscale values of all
of unit images of each grayscale class are within the first average grayscale value interval.
[0010] In an embodiment according to the first aspect of the present disclosure,
performing color difference detection on the unit image to be detected based on the first

template image comprises:

determining whether an average grayscale value difference between a pixel point of
the first template image and the corresponding pixel point of the unit image to be detected

exceeds a predetermined threshold; and



determining that the unit image to be detected has a defect in a case where the average
grayscale value difference exceeds the predetermined threshold.
[0011] For the above problems, the second aspect of the present disclosure proposes a

detection system, comprising:

a creation module configured to create a plurality of template images based on a
reference object, wherein the reference object includes a plurality of units, and the plurality
of template images are unit images with different average grayscale values;

a calculation module configured to calculate a first average grayscale value of a unit
image to be detected;

a selection module configured to select a first template image from the plurality of
template images based on the first average grayscale value, wherein a difference between an
average grayscale value of the first template image and the first average grayscale value is
smallest; and

a detection module configured to perform color difference detection on the unit
image to be detected based on the first template image.

[0012] In an embodiment according to the second aspect of the present disclosure, the

creating unit comprises:

a scanning unit configured to scan the reference object to generate a reference

object image, wherein the reference object image includes a plurality of unit images;

a forming unit configured to select one or several unit images from the plurality of

unit images to form a first unit image set;

a classifying unit configured to classify the first unit image set based on a first
average grayscale value interval to form one or more grayscale classes, wherein each

grayscale class includes one or more unit images;

a generating unit configured to generate a corresponding average grayscale image

based on all of unit images in each grayscale class; and

a storing unit is configured to form the template image according to the average

grayscale image of each grayscale class.

[0013] In an embodiment according to the second aspect of the present disclosure, the

storing unit is configured to:



determine whether there is an average grayscale value difference between any
number of average grayscale images of the corresponding average grayscale image
generated for the reference object is smaller than a second grayscale value interval;

retain any of the plurality of average grayscale images as a template image, when
there is the average grayscale value difference is less than the second average grayscale value
of the second grayscale value interval; or

the storing unit is configured to:

use each average grayscale image as a template image.
[0014] In an embodiment according to the second aspect of the present disclosure, the
creating unit is specifically configured to:

create the plurality of template images based on a single reference object; or

create the plurality of template images based on at least two reference objects,
wherein grayscale value ranges of the at least two reference objects at least partially non-
overlap.
[0015] In an embodiment according to the second aspect of the present disclosure, the

classification unit comprises:

a calculating sub-unit configured to calculate an average grayscale value of each unit
image of the first unit image set;

a sorting sub-unit configured to sort the first unit image set based on the calculated
average grayscale value of each unit image to generate an image sequence associated with
the first unit image set; and

a classifying sub-unit configured to classify the first unit image set based on the first
average grayscale value interval in the image sequence, so that the differences between the
average grayscale values of all of unit images of each grayscale class are within the first
average grayscale value interval.

[0016] In an embodiment according to the second aspect of the present disclosure, the

detection module comprises:

a first detecting unit configured to determine whether the average grayscale value
difference between a pixel point of the first template image and the corresponding pixel

point of the unit image to be detected exceeds a predetermined threshold; and



a second detecting unit configured to determine that the unit image to be detected
has a defect in a case where the average grayscale value difference exceeds the

predetermined threshold.

[0017] The detection method and detection system disclosed herein can create a
plurality of template images with different grayscale values for the die images with
different grayscale values of the wafer, so that during the detection, a template image
whose grayscale value is close to the average grayscale value of the current die image is
selected by calculating the grayscale value of the current die image to match the template

image with the die image to be detected to complete the subsequent detection.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] With reference to the accompanying drawings and the following detailed
description, the features, advantages and other aspects of the various embodiments of the
present disclosure will become more apparent. Here, several embodiments of the present

disclosure are shown by way of example and not by way of limitation., in the drawings:

[0019] FIG. lais one of die images of the prior art of the detection method and

detection system according to the present disclosure;

[0020] FIG. 1b is another one of die images of the prior art of the detection method and

detection system according to the present disclosure;
[0021] FIG. 2 is a flowchart of a detection method according to the present disclosure;

[0022] FIG. 3is a flowchart of an embodiment of a detection method according to the

present disclosure;

[0023] FIGS. 4a-4d are exemplary template images of the detection method according to

the present disclosure; and

[0024] FIG. 5is a schematic diagram of a detection system 500 according to the present

disclosure.

DETAILED DESCRIPTION

[0025] Hereinafter, various exemplary embodiments of the present disclosure will be
described in detail with reference to the accompanying drawings. The flowcharts and block
diagrams in the drawings illustrate the possible implementation architecture, functions, and

operations of the methods and devices according to various embodiments of the present
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disclosure. It should be noted that each block in the flowchart or block diagram may
represent a module, program segment, or part of the code, and the module, program
segment, or part of the code may include one or more executable instructions for
implementing logic functions specified in various embodiments. It should also be noted
that, in some alternative implementations, the functions marked in the blocks may also
occur in a different order from the order marked in the drawings. For example, two blocks
shown in succession may actually be executed substantially in parallel, or they may
sometimes be executed in the reverse order, depending on the functions involved. It should
also be noted that each block in the flowchart and/or block diagram, as well as the
combination of the blocks in the flowchart and/or block diagram, can be implemented
using a dedicated hardware-based device that performs the specified function or operation,
or can be implemented using a combination of dedicated hardware and computer

instructions.

[0026] The terms “comprising”, “including” and similar terms used herein should be
understood as open terms, that is, “comprising/including but not limited to”, which means
that other content may also be included. The term “based on” is “based at least in part on”.
The term “one embodiment” means “at least one embodiment”; the term “another

embodiment” means “at least one additional embodiment™, and so on.

[0027] The embodiments of the present disclosure mainly focus on the following
technical problems: the known color difference detection technology for the object to be
detected (for example, wafer) generally selects a qualified wafer, and selects the die images
of some qualified dies on the wafer to generate the standard reference die images. During
the actual detection, it is easy to cause the die image to be detected to mistakenly believe
that there is a defect or miss a defect with a smaller contrast and other detection accuracy
problems due to the grayscale value difference between the die image to be detected and

the standard reference die image exceeding the preset threshold.

[0028] To solve the above-mentioned problems, the detection method and detection
system disclosed in the present disclosure create corresponding template images for the die
images with different grayscale values of the same type of wafer image, so that during the
actual detection, the template image that is closest to the average grayscale value of the die
image to be detected is used for matching detection, thereby greatly improving the

detection result of color difference detection.



[0029] FIGS. 2 and 3 show exemplary flowcharts of the detection method. In this
embodiment, the following steps are included:

[0030] Step 210: creating a plurality of template images based on a reference object.
Specifically, in this embodiment, the plurality of template images are created based on a
single reference object (for example, a single wafer) or at least two reference objects (for
example, at least two wafers); wherein the wafer includes a plurality of dies, and the
plurality of template images are unit images with different average grayscale values (that

is, in this embodiment, die images).

[0031] In this embodiment, the specific operation of step 210 is shown in FIG. 3, which
is specifically as follows:

[0032] Step 211a: scanning the entire block of the reference object to generate a
reference object image. In this embodiment, the reference object image is a wafer image,

which includes a plurality of die images.

[0033] Step 212a: selecting one or several unit images from the plurality of unit images
to form a first unit image set. In this embodiment, the first unit image set, that is, the first

die image set, includes one or several die images selected from the plurality of die images.

[0034] For example, in the entire wafer image, 100-300 die images are randomly
selected or selected at intervals as the first die image set.

[0035] For ease of description, in this embodiment, 12 of the die images can be selected.

[0036] Step 213a: classifying the first unit image set based on the first average grayscale
value interval to form one or more grayscale classes, wherein each grayscale class includes
one or more die images. In this embodiment, the first unit image set, that is, the first die

image set, the specific operation of step 213a is as follows:

[0037] Firstly, calculating the average grayscale value of each die image of the first die

image set.

[0038] In this embodiment, the average grayscale values of the 12 die images are shown
in Table 1:

Image Name Average Grayscale Value
F00000067s0000 71.9
F00000070s0000 714
F00000073s0000 68.1
F00000076s0000 69.2




F00000091s0000 82.3
F00000094s0000 71.4
F00000097s0000 64.5
F00000100s0000 54

F00000115s0000 68.3
F00000118s0000 77.5
F00000121s0000 57.2
F00000124s0000 46.8

Table 1

[0039] Secondly, sorting the first die image set based on the calculated average
grayscale value of each die image to generate an image sequence associated with the first

die image set.

[0040] In this embodiment, the first column of the image sequence represents the image
names sorted in ascending order according to the average grayscale value, and the second

column is the average grayscale value corresponding thereto.

[0041] Thirdly, in the image sequence, classifying the first die image set based on the
first average grayscale value interval, so that the differences between the average grayscale
values of all of die images of each grayscale class are within the first average grayscale

value interval.

[0042] In the present disclosure, the value of the first average grayscale value interval is
any value from 5 to 20. In practical applications, the value of the first average grayscale
value interval is determined according to the grayscale value range of the selected first die
image set. For example, when the grayscale value range of the selected first die image set
is 20~150, 10~130, the first average grayscale value interval can be set to be10; when the
grayscale value range of the selected first die image set is 10~160, the first average
grayscale value interval can be set to be 20. In this embodiment, the first average grayscale
value interval can be set to be 10, and the 12 die images in Table 1 can be divided into four

grayscale classes as shown in Tables 2a-2d:

1st Grayscale Class

Average Grayscale
Value

F00000124s0000 46.8

F00000100s0000 54

Image Name

Table 2a
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2" Grayscale Class
Image Name Average Grayscale
Value
F00000121s0000 57.2
F00000097s0000 64.5
Table 2b
3 Grayscale Class
Image Name Average Grayscale
Value
F00000073s0000 68.1
F00000115s0000 68.3
F00000076s0000 69.2
F00000070s0000 71.4
F00000094s0000 714
F00000067s0000 71.9
F00000118s0000 77.5
Table 2¢

4" Grayscale class

Image Name Average Grayscale
Value
FO00000091s0000 82.3

Table 2d

[0043]
unit images of each grayscale class.

Step 214a: generating a corresponding average grayscale image based on all of

[0044]

generated according to Tables 2a-2d, respectively. Specifically, for example, the

As shown in FIGS. 4a-4d, the corresponding average grayscale images are

corresponding average grayscale scale image (as shown in Figure 4a) is generated using
the average grayscale value of each pixel in the two images of the first grayscale class
disclosed in Table 2a, and so on to the average grayscale images (for example, Figure 4b,
Figure 4c, and Figure 4d)corresponding to the second grayscale scale, the third grayscale

scale, and the fourth grayscale scale respectively.

[0045]
class is generated (for example, using the average method or the median method). In this

The average grayscale value of the average grayscale image of each grayscale
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embodiment, the average method is used to calculate the average grayscale value of the
average grayscale image of each grayscale class as follows:

Average Grayscale Valuethe average grayscale image of the first grayscale class shown in FIG.4a —

50.6;

Average Grayscale Valuethe average grayscale image of the second grayscale class shown in FIG.4b =

61.1;

Average Grayscale Valuethe average grayscale image of the third grayscale class shown in FIG.4c —

71.0;

Average Grayscale Valuethe average grayscale image of the fourth grayscale class shown in FIG.4d =

82.3

[0046] Step 215a: forming the template image according to the average grayscale image

of each grayscale class.

[0047] In this embodiment, the average grayscale value set of the template image =
{50.6, 61.1, 71.0, 82.3}.

[0048] When creating a plurality of template images based on a single wafer, each
average grayscale image can be stored as a template image, or any of the plurality of
second average grayscale images are retained as a template image, in the case where the
average grayscale value difference between any number of average grayscale images of all
average grayscale images is less than a second average grayscale value of the second

grayscale value interval.

[0049] In addition, in this embodiment, a plurality of template images are created based
on a plurality of wafers (having at least partially non-overlapping grayscale value ranges).
For example, if the grayscale value range of the first wafer is 30-80, and the grayscale
value range of the second wafer is 50-120, the grayscale value range of the plurality of
template images created can reach 30-120, thereby expanding the range of color difference

detection.
[0050]  After performing steps 211a-214a, step 215a specifically includes:

[0051] Firstly, determining whether there is an average grayscale value difference
between any number of average grayscale images in the corresponding average grayscale

image generated for the reference object is smaller than a second grayscale value interval.
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[0052] Secondly, retaining any of the plurality of second average grayscale images as a
template image, when there is the average grayscale value difference is less than a second

average grayscale value of the second grayscale value interval.

[0053] In this embodiment, the average grayscale values corresponding to all of the
average grayscale images generated by the first wafer and the second wafer are sorted, for
example, the average grayscale value set of the average grayscale images created by the
first wafer is golden1{goldenl 1, goldenl 2,..., goldenl n1}, the average grayscale value
set of the average grayscale images created by the second wafer is golden2{golden2_1,
golden2_2,..., golden2_n2}, then the combined average grayscale value set of the average
grayscale image includes n1+n2 average grayscale images.

[0054] It is determined whether there is a difference between any two or more average
grayscale values of the n1+n2 average grayscale values is less than the second grayscale
value interval, and if so, only any one of the average grayscale images with these average

grayscale values is remained.

[0055] The above-mentioned remained average grayscale images are saved as template
images, which can not only reduce the consumption of storage space, but also expand the
color difference detection range, meanwhile improve the color difference detection
efficiency and application range.

[0056] In addition, when a plurality of template images are created based on a plurality

of wafers, all average grayscale images can also be saved as template images.

[0057] Step 210, forming the corresponding template image for die images with
different grayscale values of the same wafer or different wafers to improve the subsequent

detection accuracy.

[0058] Step 220: calculating the first average grayscale value of the die image to be
detected.

[0059] Step 230: selecting a first template image from the plurality of template images
based on the first average grayscale value, wherein the difference between the average
grayscale value of the first template image and the first average grayscale value is the

smallest.

[0060] For example, when the first average grayscale value of the die image to be

detected is equal to 63, the template image (for example, FIG 4b) corresponding to the
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second grayscale class with the average grayscale value=61.1 is selected from average
grayscale value setof the template image as a first template image.

[0061] Step 240: performing color difference detection on the die image to be detected

based on the first template image.
[0062] In this embodiment, the specific operation of step 240 is as follows:

[0063] First, determining whether the average grayscale value difference between pixel
points of the first template image and the corresponding pixel points of the unit image to be

detected exceeds a predetermined threshold;

[0064] Second, determining that the unit image to be detected has a defect in a case
where the average grayscale value difference exceeds the predetermined threshold.

[0065] In the detection method implemented in this embodiment, although the average
grayscale value of the die image to be detected is required during the detection process,
and it is necessary to find the closest template image in the average grayscale value set of
the template image for matching and comparing, the algorithm is simple, and the time-
consuming detection is even negligible. In addition, using the template image which is
closest to the average grayscale value of the die image to be detected to match and detect
can greatly reduce the difference between the die image to be detected and the template
image, thereby reducing the phenomenon of false detection and missed detection, and

ultimately improving color difference detection effect.

[0066] FIG. 5 shows a schematic block diagram of a detection system 500 for
implementing the methods shown in FIGS. 2 and 3, wherein the detection system 500
includes a creation module 510, a calculation module 520, a selection module 530, and a

detection module 540.

[0067] In the present disclosure, the creation module 510 is configured to create a
plurality of template images based on a reference object, wherein the reference object
includes a plurality of units, and the plurality of template images are unit images with
different average grayscale values. The calculation module 520 is configured to calculate a
first average grayscale value of a unit image to be detected; the selection module 530 is
configured to a first template image from the plurality of template images based on the first
average grayscale value, wherein a difference between an average grayscale value of the

first template image and the first average grayscale value is smallest; the detection module
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540 is configured to perform color difference detection on the unit image to be detected

based on the first template image.

[0068] Specifically, the creation module 510 includes a scanning unit, a forming unit, a
classifying unit, a generating unit, and a storing unit, which can implement steps 211a-
215a in FIG. 3 accordingly. In addition, the classifying unit includes a calculating sub-unit,
a sorting sub-unit, and a classifying sub-unit, wherein the calculation sub-unit is configured
to calculate an average grayscale value of each unit image of the first unit image set; the
sorting sub-unit is configured to sort the first unit image set based on the calculated
average grayscale value of each unit image to generate an image sequence associated with
the first unit image set; a classifying sub-unit configured to classify the first unit image set
based on the first average grayscale value interval in the image sequence, so that the
differences between the average grayscale values of all of unit images of each grayscale

class are within the first average grayscale value interval.

[0069] In addition, the detection module 540 includes a first detecting unit and a second
detecting unit, wherein the first detection unit is configured to determine whether the
average grayscale value difference between a pixel point of the first template image and
the corresponding pixel point of the unit image to be detected exceeds a predetermined
threshold; the second detection unit is configured to determine that the unit image to be
detected has a defect in a case where the average grayscale value difference exceeds the

predetermined threshold.

[0070] The detection system disclosed herein, on the one hand, can select the template
image which is closest to the average grayscale value of the unit image to be detected to
match and detect the unit image to be detected, to prevent the occurrence of false detection
and missed detection, and to improve the accuracy of the color difference detection result;
on the other hand, the detection algorithm disclosed herein is simple, the detection speed is
fast, and the detection efficiency is improved compared with the existing color difference

detection technology.

[0071] The foregoing are only optional embodiments of the embodiments of the present
disclosure, and are not used to limit the embodiments of the present disclosure, It will be
apparent to those skilled in the art that variations and modifications can be effected within
the embodiments of the present disclosure. Any modification, equivalent replacement,

improvement, etc. made within the spirit and principle of the embodiments of the present
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disclosure should be included in the protection scope of the embodiments of the present
disclosure.

[0072] Although the embodiments of the present disclosure have been described with
reference to several specific embodiments, it should be understood that the embodiments
of the present disclosure are not limited to the specific embodiments disclosed. The
embodiments of the present disclosure are intended to cover various modifications and
equivalent arrangements within the spirit and scope of the appended claims. The scope of
the appended claims accords with the broadest interpretation, so as to include all such

modifications and equivalent structures and functions.
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CLAIMS

What is claimed is:

1. A detection method, wherein the detection method comprises:

creating a plurality of template images based on a reference object, wherein the
reference object includes a plurality of units, and the plurality of template images are unit
images with different average grayscale values;

calculating a first average grayscale value of a unit image to be detected;

selecting a first template image from the plurality of template images based on the
first average grayscale value, wherein a difference between an average grayscale value of
the first template image and the first average grayscale value is smallest; and

performing color difference detection on the unit image to be detected based on the

first template image.

2. The detection method according to claim 1, wherein creating a plurality of
template images based on the reference object comprises:

scanning the reference object to generate a reference object image, wherein the
reference object image includes a plurality of unit images;

selecting one or several unit images from the plurality of unit images to form a first
unit image set;

classifying the first unit image set, based on a first average grayscale value interval,
to form one or more grayscale classes, wherein each grayscale class includes one or more
unit images;

generating a corresponding average grayscale image based on all of unit images in
each grayscale class; and

forming the template image according to the average grayscale image of each

grayscale class.

3. The detection method according to claim 2, wherein,
the step of forming the template image according to the average grayscale image of
each grayscale class comprises:
determining whether there is an average grayscale value difference between any
number of average grayscale images of the corresponding average grayscale image
generated for the reference object is smaller than a second grayscale value interval,
16



retaining anyone of the plurality of second average grayscale images as a
template image, when there is the average grayscale value difference is less than the
second average grayscale value of the second grayscale value interval; or
the step of forming the template image according to the average grayscale image of

each grayscale class includes:

using all average grayscale images as a template image.

4. The detection method according to claim 3, wherein creating the plurality of
template images based on the reference object comprises:

creating the plurality of template images based on a single reference object; or

creating the plurality of template images based on at least two reference objects,
wherein grayscale value ranges of the at least two reference objects at least partially non-

overlap.

5. The detection method according to claim 2, wherein classifying the first unit image
set based on the first average grayscale value interval to form one or more grayscale classes
comprises:

calculating an average grayscale value of each unit image of the first unit image set;

sorting the first unit image set based on the calculated average grayscale value of
each unit image to generate an image sequence associated with the first unit image set; and

in the image sequence, classifying the first unit image set based on the first average
grayscale value interval, so that the differences between the average grayscale values of all

of unit images of each grayscale class are within the first average grayscale value interval.

6. The detection method according to claim 1, wherein performing color difference
detection on the unit image to be detected based on the first template image comprises:

determining whether an average grayscale value difference between a pixel point of
the first template image and the corresponding pixel point of the unit image to be detected
exceeds a predetermined threshold; and

determining that the unit image to be detected has a defect in a case where the average
grayscale value difference exceeds the predetermined threshold.

7. A detection system, wherein the detection system comprises:
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a creation module configured to create a plurality of template images based on a
reference object, wherein the reference object includes a plurality of units, and the plurality
of template images are unit images with different average grayscale values;

a calculation module configured to calculate a first average grayscale value of a unit
image to be detected:;

a selection module configured to select a first template image from the plurality of
template images based on the first average grayscale value, wherein a difference between an
average grayscale value of the first template image and the first average grayscale value is
smallest; and

a detection module configured to perform color difference detection on the unit

image to be detected based on the first template image.

8. The detection system according to claim 7, wherein the creation module
comprises:

a scanning unit configured to scan the reference object to generate a reference object
image, wherein the reference object image includes a plurality of unit images;

a forming unit configured to select one or several unit images from the plurality of
unit images to form a first unit image set;

a classifying unit configured to classify the first unit image set based on a first
average grayscale value interval to form one or more grayscale classes, wherein each
grayscale class includes one or more unit images;

a generating unit configured to generate a corresponding average grayscale image
based on all of unit images in each grayscale class; and

a storing unit is configured to form the template image according to the average

grayscale image of each grayscale class.

9. The detection system according to claim 8, wherein,

the storing unit is configured to:

determine whether there is an average grayscale value difference between any
number of average grayscale images of the corresponding average grayscale image
generated for the reference object is smaller than a second grayscale value interval;

retain any of the plurality of second average grayscale images as a template image,
when there is the average grayscale value difference is less than the second average grayscale

value of the second grayscale value interval; or
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the storing unit is configured to:

use all average grayscale images as a template image.

10. The detection system according to claim 9, wherein the creation module is
configured to:

create the plurality of template images based on a single reference object; or

create the plurality of template images based on at least two reference objects,
wherein grayscale value ranges of the at least two reference objects at least partially non-

overlap.

11. The detection system according to claim 8, wherein the classifying unit
comprises:

a calculating sub-unit configured to calculate an average grayscale value of each unit
image of the first unit image set;

a sorting sub-unit configured to sort the first unit image set based on the calculated
average grayscale value of each unit image to generate an image sequence associated with
the first unit image set; and

a classifying sub-unit configured to classify the first unit image set based on the first
average grayscale value interval in the image sequence, so that the differences between the
average grayscale values of all of unit images of each grayscale class are within the first

average grayscale value interval.

12. The detection system according to claim 7, wherein the detection module
comprises:

a first detecting unit configured to determine whether the average grayscale value
difference between a pixel point of the first template image and the corresponding pixel point
of the unit image to be detected exceeds a predetermined threshold; and

a second detecting unit configured to determine that the unit image to be detected has
a defect in a case where the average grayscale value difference exceeds the predetermined
threshold.
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