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ABSTRACT

Broken glue defect is a common defect in sound film dispensing. Aiming at the problem of fuzzy glue
region boundary frequently occurring in the detection process, an improved iterative maximum interclass
variance method was proposed to detect broken glue defects. Due to the skewness distribution of the gray
curve of the sound film, the median value of the gray value of the image was replaced by the average value
of the improved iterative method to eliminate the sound film. The initial threshold of the sound film dis-
pensing region was quickly converged. The maximum inter-class variance method was combined to im-
prove the extraction accuracy of the glue region boundary. The image features of single gap, multi gap, and
dislocation defect types in qualified and broken products were compared, and the number and offset of glue
areas were calculated to identify defects accurately. Fifteen thousand products were randomly selected on
the production line for testing, and the results showed that the detection accuracy rate of qualified products
was 100%, and the detection accuracy rate of broken glue was 99.1%, which met the needs of enterprises.

Keywords: Broken glue defect, Improved iteration, Maximum interclass variance method, Threshold seg-

mentation.

INTRODUCTION

The sound film and the voice coil are the main vocal
components of the micro loudspeaker, most of which are
dispensed with the sound film by the dispensing ma-
chine, but the passing rate and accuracy of the dispens-
ing are low, which affects the quality of the micro loud-
speaker.

According to the characteristics of glue, machine vi-
sion is mainly used to detect the quality of glue. The glue
area image taken is segmented by threshold value to ob-
tain glue information and determine whether there are
defects. Liao (2015) expressed the deviation of the glue
line position by comparing the deviation between the
feature points of the standard glue picture and the con-
trol points of the actual glue picture. He et al. (2020) ob-
tained the target region using the traditional threshold
segmentation method and then obtained the region out-
line of the subpixel edge fixer. The above methods must
be manually thresholded and overly dependent on hu-
man experience. Zhang et al. (2021) used an improved
Canny algorithm and maximum inter-class variance
(OTSU) method to obtain the glue-coated area and then
detected the defects with subtraction in the glue area of
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the standard picture. Chen et al. (2020) proposed a vis-
ual detection method for adhesive coating that did not
rely on standard images. The standard adhesive coating
trajectory was generated using engineering drawings,
and the sampling points on the standard adhesive coat-
ing trajectory were converted into actual points through
camera calibration to obtain adhesive strip information.
Yu et al. (2023) proposed a method to detect the offset
and width of gluing by K-Nearest Neighbor (KNN) clas-
sification without standard gluing pictures. Both meth-
ods measured linear gluing trajectories, but the accuracy
of arc gluing trajectories was not well.

MATERIALS AND METHODS
DETECTION SYSTEM DESIGN
Hardware Design

A specific model of the sound film in the production
line of the enterprise was taken as the detection object,
as shown in Fig.1(a). The size of the sound film was
15x11mm?, Zi-frame . Z,-frame surrounded the dis-
pensing area, and the shape of the area was similar to a
circular rounded rectangle. In production, detecting



whether the glue was broken in the dispensing area was
necessary.

The detection scheme's hardware composition was
shown in Fig.1(b), mainly composed of an industrial
camera, lens, light source, etc. The detection workpiece
was placed at the center of the platform. Above it, the
industrial camera, lens, and light source were succes-
sively installed, and the focal length and working dis-
tance of the lens were meticulously adjusted until the
camera captured a clear image. To ensure that the image
could retain all product information, the camera field of
view was 16x13mm?, and the accuracy requirement was
0.02mm. Therefore, the pixel width in the long side di-
rection was 800 pixels, and the pixel width in the short
side direction was 650 pixels. Considering the distortion
of the camera edge field of view and the stability re-
quirements of the system, it was usually multiplied by 3
in industrial detection, that is, 2400x1950 pixels. Thus,
selecting a camera with a resolution of 500W pixels
could meet the requirements. The formula for calculat-
ing the focal length of an industrial lens was as follows:

f=Dw/(1+1/F) (1)

Where f represented the lens's focal length, Dw rep-
resented the working distance, and F represented the
magnification. The formula for calculating the focal
length of an industrial lens was derived from the rela-
tionship between the lens, the working distance, and the
magnification, and it was used to determine the appro-
priate lens for a given setup.

F = min{h/H, v/V} (2)

Where h and v represented the length and width of
the selected camera chip, and H and V represented the
shooting field's length and width, respectively.

Given that the working distance Dw was 115mm, h
was 12.4mm, and v was 9.8mm when formula (2) was
substituted into formula (1), f was 49.4mm. A lens with
a focal length of 50mm was selected. Since the color of
the glue was similar to the background color of the dis-
pensing area, both were red. The background was silver-
white. Selecting a blue light source with a wavelength
between 400 and 480nm eliminated the background
color and significantly enhanced the glue area's contrast,
providing a favorable environment for subsequent im-
age processing.

Dispensing Defect

Under normal circumstances, the qualified glue was
evenly distributed in the specified area, showing a whole

attitude, the glue outline was clear, with no fracture, as
shown in Fig.2(a). However, the occasional dispensing
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defects mainly included scraping, overflowing, and
breaking glue. The first two defects can be identified di-
rectly by calculating the area of the glue. The glue-
breaking defects can be divided into the following three
situations:

1. Asingle gap in the glue track resulted in the glue
head and tail not being connected, as shown in
Fig.2(b).

There were multiple gaps in the glued track, and the
guide glue was divided into multiple segments, as
shown in Fig.2(c).

Glue hitting outside the specified area led to misa-
lignment, as shown in Fig.2(d).

Area to be dispensed

Z,—Frame

Camera
Z;—Frame

16mm
> 15mm

§
i
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I

@

Fig. 1. Sound film and detection apparatus: (a) Sound
film image, (b) Testing mechanism diagram

Among them, the first two defects were mainly
caused by the glue nozzle's blockage, and the misplace-
ment of the front cover caused the last one. Accurately
identifying the type of broken glue defect can help en-
terprises quickly find the root cause of the problem and
feed it back to the control system for rapid processing.

Areas of broken
glue

@ (b) (©) (d)

Fig.2. Sound film dispensing image: (a) Qualified prod-
uct, (b) Single gap, (c) Multiple gaps, (d) Misalignment

SOUND FILM BROKEN GLUE DETEC-
TION

Image Denoising

Since there was inevitable noise in the image, it af-
fected the detection accuracy, so reducing the noise

“.to be tested



Image Anal Stereol 2025;44: 39-47

processing was necessary. Standard methods for noise
reduction with median filtering, mean filtering, and
Gauss filtering(Liang et al., 2023), the experiment
showed that the median filtering could effectively save
the glue edge information, and the effect was better, as
shown in Fig.3.

The surface of the sound
film is uneven

(@

(b) ©

Fig.3. Image filtering: (a) Pre-filtered image, (b) Noise
area, (c) Filtered image

Improved Iterative Maximum Inter-class
Variance Method

The core of glue quality detection was threshold
segmentation. OTSU method (Yu et al., 2022), as a clas-
sical threshold segmentation method, divided the image
into background region and target region, and the seg-
mentation effect was shown in Fig. 6(b). It can be found
that when the traditional OTSU method divided the
sound film dispensing image, the glue region could not
be accurately extracted, resulting in poor anti-interfer-
ence and insufficient stability. It was because the OTSU
method had an excellent segmentation effect on images
with bimodal gray distribution. However, when the im-
age distribution was skewed, or there were abnormal
data, the segmentation effect was not ideal. As shown in
Fig.4 (a), the gray level curve of the sound film dispens-
ing image belonged to the right-skewed distribution, the
effect of directly using the OTSU method was not good,
so abnormal data should be eliminated first. In order to
make up for the shortcomings of the traditional OTSU

Pixel number(x10%)

method, the improved iterative method and OTSU
method were combined to avoid the interference of ab-
normal data.

The iterative method was a global threshold seg-
mentation method, which took the average gray value of
the image as the starting point of segmentation, iterated
continuously, and took the final convergence value as
the final segmentation threshold (Li et al., 2022). The
processing effect was shown in Fig.6(c), but the segmen-
tation effect cannot meet the requirements. The main
reason was that this method was mainly suitable for oc-
casions where there was little difference between the tar-
get area and the background area. However, the target
area of the research object was quite different from the
background area. It can be seen from Fig.4(a) that the
gray level distribution of the background area of the im-
age belonged to the skewed distribution. For the data
with skewed distribution, the median is not affected by
the extreme value, which can better reflect the central
tendency of the data. Therefore, GVno, the median gray
value of the image, was selected as the primary thresh-
old. After the initial segmentation, the sound film dis-
pensing image was divided into the background area Zg
and the target area Zi, the median gray value GVgn in the
Zg4 area and the average gray value GV in the Z; area
were calculated. The average GVmi of GVgn and GVim
were continuously updated through iterative calculation
until the difference between GV and GV was less
than At. The calculation process of the improved itera-
tive method is shown in Fig.5. And the iterative calcula-
tion formula is shown in equation (3).

{val _ Gngi;'GVtmi
|GV — GVpi|l <At

Finally, the threshold GV, was used for image seg-
mentation, and the gray level curve of the sound film af-
ter iteration was shown in Fig.4(b).
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Fig.4. Grayscale curve of sound film: (a) Pre-iteration, (b) After iteration
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Fig.5. Calculation flow of improved iterative method

OTSU method mainly divided the gray image into
two parts, the target C; and the background C;, accord-
ing to the threshold GV determined by the gray histo-
gram, so the interclass variance of C; and C, was the
largest(Guo et al.,2023).

o’ = Py (GVm1 -GV, )"+ P, (va2 -GV, )* (4)

o” represented the interclass variance of Cyand Co,
p1 was the probability of the pixel in the C; area, p,was
the probability of the pixel in the C; area, GVm1 Was the
average value of the gray value in the C; area, GVmz was
the average value of the gray value in the C; area, and
GVwm was the average value of the total gray value of the
image.

Assuming that the image gray level was L, then in
the image of [0,1,2,3... L-1], the optimal threshold selec-
tion principle of OTSU method was as follows:

L-1
GV, = max (Z azj

i=0

When selecting the optimal threshold, OTSU
method needed to traverse 0-255 gray levels for 8-bit
images, which led to a lengthy calculation process.
When Fig.6(a) was used as the input image, GV was
used as the traversal starting point, and the maximum
image gray value GVmax Was used as the traversal end-
point, which reduced the traversal range. The improved
method's processing effect was shown as Fig.6 (d).

©)
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Fig. 6. Comparison of segmentation effect: (a) Sound-
film dispensing image, (b) Traditional OTSU method,
(c) Traditional iterative method, (d) Improved iterative
maximum inter-class variance method

The mean intersection over union (MIOU) was in-
troduced as an image segmentation accuracy evaluation
index to compare each algorithm's advantages and dis-
advantages in a quantitative analysis (Huang et al.,
2020). The larger the MIOU value, the better the image
segmentation effect. MIOU was calculated as follows.

1 .AmB
k+1 AuUB

k represented the number of categories of the fore-
ground target, A represented the number of pixels in the
dispensing area, and B represented the number of pixels
obtained by the segmentation of various algorithms. The
average crossover ratio of different algorithms was cal-
culated, as shown in Table 1.

MIOU =

(6)
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Tablel. Comparison of segmentation effect of different

algorithms
Detec- Evalua- Tradi- . Textual
. Lo . Iterative
tion ob- tion in- tional method algo-
ject dex OTSU rithm
sound ~ Thresh- 87 85 141
film dis- old value
pensing MIOU 0.273 0.257 0.497

As shown in Table 1, the proposed algorithm was
superior to the iterative method and the traditional
OTSU method in image segmentation accuracy, and the
glue region obtained by segmentation had clear bounda-
ries, better stability, and anti-interference.

¥
Standard image Capture new
image

)

SOUND FILM BROKEN GLUE RECOGNI-
TION

The identification of sound film broken glue mainly
includes edge location and glue detection. Edge location
was to obtain the edge of the sound film and determine
the product's position through coarse and fine position-
ing, then cut the image according to the edge to reduce
the detection range. Glue detection first eliminated noise
points through image denoising, then obtained the opti-
mal threshold GV}, according to Improved iteration max-
imum interclass variance (1IMIV), and then got the glue
region by threshold segmentation. The different regional
characteristics were used to determine the types of bro-
ken glue defects. The specific detection process was
shown in Fig.7.

A 4

The 1IMIV method obtained
the best threshold GV,

Threshold segmentation

Image graying
v Image graying
Image
enhancement
1 Image
enhancement
Determine the template ¢
area, set the template, y
complete the coarse
positioning emplate matchin
v

Measuring calipers to
obtain key point
information, complete
fine positioning

v

Measuring calipers to
obtain edges

Image clipping

A

Image denoising

Split the area
and create |
template

Judging defect |

A 4

Finish

|

Fig. 7. Glue testing process
Template Matching

Due to the many complex factors affecting the dis-
pensing quality, the track and shape of the glue on dif-
ferent sound films were slightly different, so it was not
appropriate to choose the glue area directly as the tem-
plate. In order to improve the accuracy of template
matching, template selection must meet two conditions:
(D) The template area must be independent of the glue
detection area. (2) The position of the template area in
the image was relatively fixed and easy to find. There-
fore, Ai-Frame and A,-Frame, as shown in Fig.1, were
selected as templates.
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After gray-scaling the image, the sound film base
and edge contour were very fuzzy in the image, as
shown in Fig.8(a), which could have been more condu-
cive to template matching and positioning. The image
needed to be enhanced, and linear gray transformation
was used to change the gray value of each pixel in the
image (Guo et al., 2022). The enhanced image was
shown in Fig.8(b) and used as the template image.
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Fig. 8. Image enhancement: (a) Grayscale image, (b)En-
hanced image

Template matching methods included correlation-
based template matching (Ma et al., 2019) and shape-
based template matching(Shen et al., 2023). The two
methods were used to compare and match 30 products,
respectively, and the matching results were shown in
Fig.9. As can be seen from Fig.9, the stability and
matching scores of template matching based on correla-
tion were better than those based on shape.

e— (Correlation Based Template Matching

+ Shape-based template matching
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Fig. 9. Comparison of template matching scores

Product Positioning

After successfully creating the template, affine
transformation was used to determine the product posi-
tion (Zou et al., 2024). Due to the unclear contrast be-
tween the edge of the sound film and the base, the edge
extraction accuracy was improved by using coarse posi-
tioning first and then fine positioning.

Coarse positioning. Template matching was used
for coarse positioning, and the affine transformation ma-
trix was obtained by using the position and angle rela-
tionship between the matching region Z'n and the tem-
plate region Zn of the image to be matched, as shown in
Fig.10. The affine transformation matrix consisted of
two parts: rotation matrix and transfer matrix. The rota-
tion matrix R was obtained according to the angle
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relationship between the matching region and the tem-
plate region, the translation matrix T was obtained using
the position relationship between them. The final affine
transformation matrix H was obtained by multiplying
matrix R and T.

>y
Puf————+-—
Vv
X
Fig. 10. Template matching position
H=T-R (7
1 0 P ||cos@ -sing 0|1 0O -P,
R=|0 1 P, |-[sind cos¢ 0|0 1 -P,| ®)
00 1 0 0 1/{{0 0 1
1 0 T,
T=01T, 9)
0 0 1

Py and Py represented the row and column coordi-
nates of the template center, respectively, 6 represented
the angle between the matching region Z'n of the image
to be matched and the template region Zn. Tx and Ty rep-
resented the distance that the template center moved on
the x and y axes, respectively.

The point of the template image Pm (rowl, columnl)
with matching corresponding point on the image
P'm(rowl',columnl)satisfied the following relations:

rowl’ rowl

=H-
Lolumnl} Lolumnl}

Fine positioning. As shown in Fig.11, n non-parallel
auxiliary lines (subject n=4) were drawn on the template
image, the endpoint coordinates of each auxiliary line
were recorded, the positioning line of each auxiliary line
was obtained by fitting the measuring caliper, and then
the center point M (row2, column2) of the intersection
points of the n positioning lines and their average deflec-
tion angle «
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n
(a=
i=1

S |_.Q

were obtained, as shown in Fig.12(a). Through af-
fine transformation matrix H, the position of the end-
point of the auxiliary line in the image to be measured
was obtained, and the auxiliary line was generated, the
positioning line was generated by fitting the measuring
caliper. The center point N(row2', column2’) of the
lines’ intersection point was located, and the average de-
flection angle was denoted as

6(ﬂ=i%),

as shown in Fig.12(b). According to the coordinates
of Mand N, the angle « and 3, the fine positioning affine
transformation matrix Hy was obtained by equation (7)-

9).

Deflection
Angle a4

Deflection
Angle a3

Deflection
Angle ol

Fig. 11. Auxiliary line of fine positioning

Deflection
Angle g4

Deflection
Deflection Angle B3
Angle 1

Deflection
Angle a2

@

Affine transformatfon
matrix H

Deflection
Angle g2

(b)

Fig. 12. Auxiliary line of fine positioning: (a) Template image, (b) Image to be tested

After the precision positioning, the auxiliary lines
of the product edge were drawn on the template image,
and the auxiliary lines' positioning line (edge line) was
found by measuring the caliper. The intersection coordi-
nates of n edges were obtained, namely n vertices of the
product, and the product edges of the template image
were generated, as shown in Fig.13(a). The affine trans-
formation matrix H; was used to obtain n vertices of the
product under the image under test, and then the product
edges of the image to be tested were brought.

Identification Of Broken Glue Defects

In order to avoid the influence of the gray level of
the sound film background, the image is cropped with
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the edges of the product as the boundary to obtain a sin-
gle product image, as shown in Fig.13.

Image
clipping

(@)

(b)
Fig. 13. Image clipping: (a) Pre-crop image, (b) Image
clipping



After obtaining the glue area by the IIMIV method,
the opening operation was used to split the area and cal-
culate the number of glue areas. If the number were
greater than 1, it would be judged as a multi-gap defect,
as shown in Table 2, the number was 13. If the quantity
was equal to 1, for the qualified product, the glue area
formed a closed pattern with internal holes, that was, the
diagonal part in the figure, for a single gap defect, the
glue area cannot form a closed pattern, and there were
no holes inside, so qualified products or single-notch de-
fects can be judged by calculating whether the hole area
in the glue area was 0.

Table2. Sound film dispensing quality detection

Detection multi gap qualified  Single gap

result defect product defect

Original im-

age

Threshold
segmenta-

tion

Open opera-

tion

Dispersed

region

For the misalignment defect, the product edge was
obtained according to the affine transformation matrix
Ha, the center coordinate O(r1,c1) was calculated, then
the center coordinate Ox(r»,c2) of the glue region was ob-
tained. The Euclidean distance d between O, and O, was
calculated. The misalignment judgment method was as
follows:

+(c,—¢c,) <D, Nonmalposition

d =\/(r1—r2)2

+(cl—c2)2 >D, Malposition

D was half of the width of the dispensing area of the
product, after obtaining the glue area of the qualified
product, filled the area, calculated the height of the area
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as h1, and then made a difference between the filled area
and the original glue area to obtain the difference area,
calculated the height of the area as h2. The difference
between hl and h2 was 1/4 D. As shown in Fig.14.

Fig. 14. Misalignment diagram

RESULTS
DETECTION EXPERIMENT

In order to verify the accuracy of the detection
method, 15,000 products were selected from the produc-
tion line for retesting. After the unqualified products
caused by other defects were removed, the retesting re-
sults were shown in Table 3. The detection accuracy of
qualified products was 100%, and the detection accuracy
of three types of broken glue defects was 98%, 100%,
and 100%, respectively, indicating that the algorithm in
this paper can accurately identify OK products and bro-
ken glue NG products, and distinguished the types of
broken glue. Through the analysis, the misjudgment of
multi-gap defect detection was because part of the prod-
uct glue path was thin, which led to the deviation of glue
region segmentation during the opening operation. In
addition, ten replicates of qualified products and defec-
tive products were selected for 100 times detection, and
the detection results were consistent, which proved that
the stability and accuracy of the detection method were
good.

Table 3. Test results of broken glue quality

Detection Quan- IV!lscaIcuIa- Accuracy
result tity/piece tion num- rate/%
ber/piece
OK 14836 0 100
Multi gap
68 1 98
NG
Single
gap NG 40 0 100
Misa-
ligned NG 5 0 100
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DISCUSSION

In this paper, aiming at the problem of existing dis-
pensing quality detection in enterprises, a visual detec-
tion method of sound film dispensing quality was pro-
posed. According to the gray distribution of the image,
abnormal data were removed by an improved iterative
method, and the initial segmentation threshold of the
sound film dispensing image was obtained, which was
combined with the OTSU method to obtain the best seg-
mentation threshold and then accurately extracted the
dispensing area. This method improved the traditional
OTSU method when the image gray curve had a skewed
distribution, the segmentation effect was not ideal. The
experimental test showed that the scheme could accu-
rately identify the broken glue defect and distinguish the
broken glue type, the overall detection accuracy was
99.1%.
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