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Abstract: In order to eliminate driving dangers caused by tire surface bubbles, the detection method
of bubble defects on tire surfaces based on line lasers and machine vision is studied. Since it is
difficult to recognize tire surfaces directly through images, line laser scanning is used to obtain tire
images. The filtering method and morphology method are combined to preprocess these images. The
gray centroid method is adopted to extract the center of the laser stripe, and then the algorithm to
determine the positions of bubble defects on tire surfaces is proposed. According to the geometric
characteristics of tire bubbles, the coordinates of starting points, ending points, and rough positions
of vertices are determined. Then, the ordinates of the laser center with sub-pixel accuracy near
bubble vertices are discretely magnified. The mask made of Gaussian function is convoluted with the
magnified region, and the maximum value is obtained. Furthermore, the position of bubble vertices
can be accurately extracted. The denoising effects of different methods for images are compared
through experiments, and different positions of bubbles are detected. Experimental results show
that the detection accuracy of this method is up to 93%, which is much higher than other methods.
Experiments verify that the proposed method is effective for detecting tire surface bubbles.

Keywords: tire bubble; line laser; machine vision; defect detection; bubble location

1. Introduction

The structure of tires is complex, which can lead to the formation of bubble defects in
the forming process because of the influence of material properties and the manufacturing
technique. Most of the bubbles appear on the tire surface. The existence of bubbles will
cause the tire to burst, which poses a great threat to driving safety and threatens the
safety of people’s lives and property. Therefore, it is very necessary to detect the bubble
defects in the tire-forming process, which is embodied in eliminating bubbles before tire
vulcanization. Some tire manufacturers are helpless to deal with bubble defects. They
usually indiscriminately use an awl to pierce the tires to be tested to eliminate bubble
defects, which has low efficiency and accuracy.

At present, the most comprehensive method of automated detection of tires is by
X-ray. However, considering the impact on human health, cost, and detection speed, line
laser detection is superior. On the other hand, the tire surface is black. Even under the
illumination of a light source, the distinction between the bubble defect and the background
is not obvious, which greatly increases the difficulty of detection. Compared with the tire
gray-scale value, the line laser has a higher gray-scale value. It can show the changes of the
tire surface intuitively, which is helpful to the detection of bubbles.

Using curvelet transform and the Canny edge detection method, studies [1–3] have
accurately detected foreign bodies and bubbles inside the tire by studying the texture
characteristics of defects. In the aspect of tire bubble detection, the line laser is rarely
used, but it is still widely used in three-dimensional scanning [4–11], obtaining distance
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information [12–17], surface defect detection [18,19], and production detection [20–22].
Lv et al. [23] used a line laser for the longitudinal detection of conveyor belts and proposed
the IGGM algorithm to extract the center of the laser stripe, which can effectively remove
the influence of the environment on the line laser. It is very common to use line lasers to
detect welds. Zou et al. [24] proposed a weld feature point tracking algorithm based on
WLCS, which can work in a strong-interference environment and has strong robustness.
Additionally, line lasers are also widely used in aerospace and other advanced fields, which
have high technical content. Soonkyu et al. [25] put forward the CLLST system to get the
ROI image, which completes the task of detecting weld tracking points efficiently. In the
process of tire bubble detection, compared with the above research, there are similarities
between the acquisition of target images and the processing method of line lasers in this
paper, which is worth learning.

Because of the advantages of line lasers, such as safety, simple structure, low cost, and
high robustness, the line laser is used as a light source to obtain tire defect images. Because
the camera is greatly affected by the light when receiving the line laser, the experiment
was carried out under stable lighting conditions. In this paper, combining image filtering
and morphological methods to process the image, the gray centroid method is utilized
to effectively extract the center of the laser stripe. Furthermore, this paper innovatively
proposes a tire surface bubble defect judgment algorithm. According to the processed
laser shape, the coordinates of the starting points and ending points of the bubbles and
the approximate position of the vertex are determined; then, some sub-pixel points of the
vertex are magnified discretely, and the maximum value is calculated by the convolution of
this part of the pixels with a special mask to accurately extract the positions of the bubbles.
The main contribution of this paper is to use line lasers and machine vision to complete the
detection of bubble defects; together, they can obtain the exact location of bubble defects,
overcome the shortcomings of manual operation, improve detection efficiency and accuracy
to a higher level, and make defect detection tend to the development of automation.

2. Image Preprocessing

In order to facilitate the subsequent processing, a unified image standard is first
established, and the image format is unified with the size of 800 × 600 pixels. The image is
regarded as a pixel matrix T : u(h, l) with a width of 800 and a height of 600, in which h
represents the row of the matrix, l represents the column of the matrix, and u(h, l) represents
the corresponding pixel value at this point.

The tire image is obtained by the laser triangulation method. The line laser transmitter
is placed at a certain angle to the CCD camera. Generated by the line laser transmitter, the
laser plane is perpendicular to the tangent plane of the tire slice, as shown in Figure 1. The
laser plane is formed by the emission center of the line laser transmitter and the line laser.
When the laser plane is parallel to the camera plane and both of them are perpendicular to
the working plane, the image has only one straight laser line, which is obtained from the
camera. When they are at a certain angle, it can be clearly seen that the laser line changes
with the change of tire surface shape.
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Figure 2. Initial image preprocessing: (a) represents the original image, (b) represents mean filtering, 
(c) represents median filtering, (d) represents Gaussian filtering. 

From Figure 2b,d, it can be seen that mean filtering and Gaussian filtering have dif-
ferent degrees of laser stripe blur at the position of the bubble. Compared with the original 
image, the median filtering has a certain ability to remove noise and retain certain edge 
information. Compared with Figure 2c,d, the latter is not as good as the former in the 
brightness of the laser stripe and the clarity of the edge. By comparing the three filtering 
effects, median filtering can be used as image preprocessing to achieve a better filtering 
effect; the median filtering is defined as 
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Due to the uneven surface of tire material, the surface roughness is high. Under the
irradiation of the line laser, a large amount of diffuse reflection will be formed. After being
received by the camera, a large amount of speckle noise will appear, which can cause the
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formation of a bright “burr” near the laser stripe. Additionally, the quality of the line laser
will also be affected. It has a great degree of influence on the subsequent image processing,
which needs to be effectively removed by image filtering.

2.1. Image Filtering

The purpose of image filtering is to deal with noise, which may exist in the image.
Common noise processing methods include mean filtering, median filtering, and Gaussian
filtering. The above three filtering methods are used for image processing, and the results
are shown in Figure 2.
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Figure 2. Initial image preprocessing: (a) represents the original image, (b) represents mean filtering,
(c) represents median filtering, (d) represents Gaussian filtering.

From Figure 2b,d, it can be seen that mean filtering and Gaussian filtering have
different degrees of laser stripe blur at the position of the bubble. Compared with the
original image, the median filtering has a certain ability to remove noise and retain certain
edge information. Compared with Figure 2c,d, the latter is not as good as the former in the
brightness of the laser stripe and the clarity of the edge. By comparing the three filtering
effects, median filtering can be used as image preprocessing to achieve a better filtering
effect; the median filtering is defined as

f (i, j) = middle{u(h, l)•

 1 1 1
1 1 1
1 1 1

}. (1)

In Equation (1), f (i, j) is the pixel matrix preprocessed by median filtering, and u(h, l)
is the pixel matrix of the original image. The median filtering convolutes u(h, l) with the
matrix (3 × 3) whose elements are all 1, and then it sorts from large to small to take the
middle value f (i, j).
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2.2. Morphological Processing

After filtering, the gray-scale image can be obtained. The morphological method
can be used to deal with the “burr” phenomenon of the laser stripe edge and the hard
impurities, which may be attached to the surface. The threshold Th of the gray-scale image
obtained by the Ostu method [26] is 119. In order to retain part of the image information, the
pixel gray-scale value larger than the threshold Th is reserved, which means f (i, j) = f (i, j);
the pixel gray-scale value smaller than the threshold Th is 0, which means f (i, j) = 0. The
morphological processing results of the filtered image are shown in Figure 3.
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ments of removing redundant spots. 

Further trying three-dimensional gray-scale analysis for different preprocessing 
combinations, the results are shown in Figure 4. Compared with Figure 4a,e, the combi-
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are used for image preprocessing. They can ensure the clearness of the center of the laser 
stripe to the maximum extent. 

Figure 3. Morphological processing of the filtered image: (a) represents the original image,
(b) represents the open operation of the image, (c) represents the closed operation of the image.

From Figure 3b, it can be seen that the opening operation removes the redundant
spots, which may exist in Figure 3a, and removes some edges and corners at the edge of the
laser stripe to make it more rounded and smooth. As shown in Figure 3c, after expansion
and corrosion, it is obvious that noise still exists, which cannot achieve the requirements of
removing redundant spots.

Further trying three-dimensional gray-scale analysis for different preprocessing com-
binations, the results are shown in Figure 4. Compared with Figure 4a,e, the combination
of Figure 4d is too natural at the junction, so median filtering and open operation are used
for image preprocessing. They can ensure the clearness of the center of the laser stripe to
the maximum extent.

2.3. Extraction of the Center of the Laser Stripe

Different from only operating on a gray-scale image, the core of the line laser is the
extraction of the center of the laser stripe; that is, the line laser with certain pixel width is
extracted into a laser center with only one pixel width so as to improve detection accuracy.
At present, the Steger algorithm [27], the gray centroid method, and the improved laser
extraction algorithm [4] are commonly used.

Ding X.D. combines the extreme value method with the gray centroid method to
extract the center of the laser stripe, which ensures the accuracy of weld detection [28].
Since the research object is the tire after forming and before vulcanization, the gray-scale
value of the image is close to 0, and the texture is relatively single. The linear dependence
between each pixel is small, there are fewer patterns and characteristics, and there is a
large gray-scale difference between the line laser and the tire. The Steger algorithm is not
suitable for the case where the width of the laser stripe changes greatly, so the gray centroid
method is used to extract the center of the laser stripe.
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As shown in Figure 5, the center of the laser stripe is extracted by the gray centroid 
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Figure 4. Comparison of three-dimensional gray-scale images based on preprocessing: (a) represents
the original image, (b) represents Gaussian filtering and open operation, (c) represents Gaussian
filtering and closed operation, (d) represents median filtering and open operation, (e) represents
median filtering and closed operation.

The gray centroid method traverses the whole-image pixels from left to right. Then,
the weighted centroid coordinates of each column can be obtained; that is, the gray centroid
is defined as Equation (2).

m = β− 1, (β ∈ N∗)

n =

p=800
∑

j=1

q=600
∑

i=1
i f (i,j)

p=800
∑

j=1

q=600
∑

i=1
f (i,j)

(2)

The center of the whole laser stripe is obtained by connecting the gray centroid of each
column. The center value of laser stripe calculated by the gray centroid formula is usually
decimal, which has high accuracy and can reach the sub-pixel level.

As shown in Figure 5, the center of the laser stripe is extracted by the gray centroid
method. The red scattered points in the figure represent the center of each column of laser
stripes calculated, and the yellow broken line segments are used to connect the center
points of laser stripes. The increasing or decreasing trend of the laser stripe can be seen in
Figure 5. According to the trend, this paper proposes the judgment algorithm for bubble
defects on the tire surface.
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3. Bubble Defect Position Judgement

Different from traditional image detection, which needs complex algorithm processing,
the line laser is more direct for defect detection. Compared with the laser stripe under
normal irradiation, if the laser line is bent to a certain extent in some segments, there is a
bubble defect. It can be seen from Figure 5 that the laser stripe has obvious bulges at the
bubbles, and then the points where the laser stripe starts to generate bulges and end bulges
can be obtained.

α(x) is the function represented by the center of the laser stripe of the image. In order
to improve detection accuracy, to avoid the fluctuation of the points on the stripe function
due to unknown factors and to reduce occasionality, it is necessary to reduce the judgment
interval as much as possible. When Equation (3) is met, a set of points with the abscissa of{

x1
1, x2

1, x3
1 . . . xn

1
}

can appear, which increase in turn.
[α(x1)− α(x1 − n)]/n < Y1
[α(x1 + n)− α(x1)]/n > Y1
n ∈ (0, 5)

(3)

The minimum value x1min of this set of data is taken as the starting point of the bubble
defect. When Equation (4) is met, a set of points with the abscissa of

{
x1′

1 , x2′
1 , x3′

1 . . . xn′
1

}
can appear, which decrease in turn.

[α(x2)− α(x2 − n)]/n < −Y2
[α(x2 + n)− α(x2)]/n > −Y2
n ∈ (0, 5)

(4)

The maximum value x1max of this set of data is taken as the ending point of the bubble
defect. Y1 = 1/5, Y2 = 1/4 is set initially. By calculating the starting and ending points of
the bubble, the position of the bubble defect can be obtained.

3.1. Single Bubble Defect

Single bubbles are a common form of tire bubble defect. After obtaining the position
of the starting point and ending point of the bubble, the position coordinates of the bubble
vertex should be determined. There are three types of bubble vertex positions. As shown in
Figure 6, the bubble vertex is just on the middle vertical line between its starting point and
ending point, and the bubble vertex is on the left or right position of the middle vertical line.
Among them, Type I bubbles belong to the relatively regular and ideal type (because of the
complexity of tire production, the possibility of occurrence is very small), while Type II and
Type III bubbles are very common, which are steep on one side and gentle on the other.
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Figure 6. Bubble types.

In [29], a weighted algorithm between pixels is proposed to determine the location
of defects. Therefore, a method is proposed: starting from the pixel coordinates of the
bubble starting point, first move up to one pixel length and start the traversal to the
right until the laser stripe is first contacted. Record the value of abscissa s1 and the
difference ∆S(s1) = |s1 − x1min| between the bubble starting point and the abscissa;
then, continue to move up a pixel length. With the continuous upward movement, the
value of the recorded abscissa s1 and the difference ∆S(s1) will become larger and larger.
When ∆S(s1 + 1) − ∆S(s1) ≤ 0, the difference of the abscissa reaches the maximum
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value ∆S(s1)max for the first time. At the same time, starting from the pixel coordinates
of the bubble ending point, move up to one pixel length, start the traversal to the left
until the laser stripe is first contacted and get the value of abscissa s2 and the difference
∆S(s2) = |s2 − x1max| between the bubble ending point and the abscissa. At this time, the
value of s2 gradually decreases, and when ∆S(s2 − 1)− ∆S(s2) ≤ 0, the maximum value
∆S(s2)max of the difference is obtained.

It can be seen from Figure 5 that after the vertex position of the bubble defect is
enlarged, there is a relatively gentle interval, which is not a peak shape in the imagination,
so we have Equation (5).

x1max − x1min = ∆S(s1)max + ∆S(s2)max + δ (5)

where δ represents the length of the gentle interval at the bubble vertex when enlarged to
pixel level.

When ∆S(s1)max = ∆S(s2)max, the value of δ is ignored, that is, the distance between
the bubble vertex and the starting point of the bubble is the same as that between the
bubble vertex and the ending point of the bubble. The bubble is located on the vertical line
between the two points, so the bubble belongs to Type I. When ∆S(s1)max > (<)∆S(s2)max,
the top of the bubble is near to (far from) the ending point, and the bubble belongs to Type
III(II). The abscissa of the bubble vertex can be given as i = s1 + (s2 − s1)/2.

In order to reduce occasionality, after obtaining the pixel width of the gentle interval
at the bubble vertex, all the pixels in the interval are convoluted to further improve the
accuracy. In the process of obtaining the ordinate of the bubble vertex, the center of the
laser stripe obtained by the gray centroid method has sub-pixel accuracy, and the value n
of the ordinate has a decimal. If the ordinary pixel accuracy is used to deal with it, it will
produce large errors. Therefore, rounding n to [n], the ordinates of all center points of the
laser stripe in this interval can be obtained by Equations (6) and (7).

When the ordinates of the center points of the laser stripe in the interval are greater
than ∆S(s1)max, it can be given as Equation (6).

j = round{(n− [n])× H + [n]} (6)

Otherwise, the ordinates can be given as Equation (7).

j = round{[n]− (n− [n])× H} (7)

The decimal part of the ordinate is discretely magnified in proportion, and the re-
sult is rounded, which is equivalent to magnifying the sub-pixel part of the ordinates of
the center points of the laser stripe and then processing. As a result, the decimal part
of the sub-pixel part is removed. One dimensional Gaussian function Gauss(x) is used
as the basic function, with x ∈ {0, 1, 2 · · ·H}. Let σ = 1; the value of the corresponding
Gaussian function is calculated, and the weight of each different x is obtained by normal-
ization. As shown in Figure 7, the mask made by the Gaussian function can be given as

M(x) = Gauss(x)/
H
∑

x=0
Gauss(x).



Processes 2022, 10, 255 8 of 14

Processes 2022, 10, 255 8 of 15 
 

 

When the ordinates of the center points of the laser stripe in the interval are greater 

than max1)(sSΔ , it can be given as Equation (6). 

]}[])[{( nHnnroundj +×−=  (6) 

Otherwise, the ordinates can be given as Equation (7). 

}])[(]{[ Hnnnroundj ×−−=  (7) 

The decimal part of the ordinate is discretely magnified in proportion, and the result 
is rounded, which is equivalent to magnifying the sub-pixel part of the ordinates of the 
center points of the laser stripe and then processing. As a result, the decimal part of the 
sub-pixel part is removed. One dimensional Gaussian function Gauss(x) is used as the 
basic function, with }2,1,0{ Hx ∈ . Let 1=σ ; the value of the corresponding Gaussian 
function is calculated, and the weight of each different x is obtained by normalization. As 
shown in Figure 7, the mask made by the Gaussian function can be given as 


=

=
H

x
xGaussxGaussxM

0
)(/)()(
. 

 
Figure 7. Square mask M(x) with length from 0 to H. 

The mask is H in length, and the mask is convoluted with all pixel points within the 
range of H at the bubble vertex in the order of up to down, which is equivalent to 
weighting and summing the part of pixel points. The center points after operation can be 
given as Equation (8). 

)(),()0(
),0(

xMjifxU
Hx

•Σ==
∈  

(8) 

In Equation (8), the order of ))(,)(( max2max1 sSsSi ΔΔ∈  is from left to right. In the tra-
versal process, when the mask has not encountered the center points of the laser stripe, 
the gray-scale value ),( jif  of the area where the mask is located is 0, so there is 

0)0( ==xU . As the mask gradually moves down to contact the discrete magnified laser 
stripe points, the value of )0( =xU  gradually increases until the mask reaches the center 
of the discrete magnified processing, which is the center position of the gentle region at 
the bubble vertex. Additionally, the maximum value max)0( =xU  is reached; that is, the or-
dinate of the bubble vertex is max)0( == xUj . 

According to Equations (3), (4) and (8), the starting and the ending points and bubble 
vertices can be obtained, and the slope relationship between them can be calculated by 
Equation (9). 

Figure 7. Square mask M(x) with length from 0 to H.

The mask is H in length, and the mask is convoluted with all pixel points within the
range of H at the bubble vertex in the order of up to down, which is equivalent to weighting
and summing the part of pixel points. The center points after operation can be given as
Equation (8).

U(x = 0) = Σ
x∈(0,H)

f (i, j)•M(x) (8)

In Equation (8), the order of i ∈ (∆S(s1)max, ∆S(s2)max) is from left to right. In
the traversal process, when the mask has not encountered the center points of the laser
stripe, the gray-scale value f (i, j) of the area where the mask is located is 0, so there is
U(x = 0) = 0. As the mask gradually moves down to contact the discrete magnified laser
stripe points, the value of U(x = 0) gradually increases until the mask reaches the center
of the discrete magnified processing, which is the center position of the gentle region at
the bubble vertex. Additionally, the maximum value U(x = 0)max is reached; that is, the
ordinate of the bubble vertex is j = U(x = 0)max.

According to Equations (3), (4) and (8), the starting and the ending points and bubble
vertices can be obtained, and the slope relationship between them can be calculated by
Equation (9).  Y1 =

∣∣∣U(x=0)max−α(x1min)
s1+(s2−s1)/2−x1min

∣∣∣
Y2 =

∣∣∣U(x=0)max−α(x1max)
s1+(s2−s1)/2−x1max

∣∣∣ (9)

By observing the bubble vertices, the starting point, and ending points of bubbles
when forming a triangle, compared with the strict sense of the triangle, the bubble forms
an arc instead of a straight line on its two sides. No matter how different the shape of the
bubble defect is, a straight line is always included in the arc.

As shown in Figure 8, the slope corresponding to the arc line at the starting (ending)
point of the bubble defect must be larger (smaller) than that of the straight line. When
judging the bubble defect, if there are several groups of coordinate points in succession,
the slope between them and the bubble vertex is less than (greater than) the slope between
them and their respective nearby points; it is the point where the bubble starts (ends).
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Figure 9. Flow chart of bubble defect detection.

Step 1: For the defect image with 800 × 600 pixels, the median filtering and morpho-
logical processing are carried out first, and the center of the laser stripe is extracted by the
gray centroid method.

Step 2: All the pixels in the laser center are traversed from left to right, and the
coordinates of the starting point and ending point of the bubble in the pixel matrix are
determined according to Equations (3), (4) and (9).

Step 3: Use the starting point and ending point to get the position i ∈ (∆S(s1)max,
∆S(s2)max) of the gentle interval at the bubble vertex, and all pixels in the interval are
weighted and summed to obtain the maximum value, which is the coordinate value
U(x = 0)max of the bubble vertex.

Step 4: The starting point, ending point, and bubble vertex are obtained, and the
detection of the bubble is completed.

3.2. Real-Time Processing

In the process of real-time detection, it is inevitable that the same bubble defect will be
detected not only once. In order to reduce repeated judgment, improve detection efficiency,
and save time, a bubble is photographed by CCD cameras many times. The root, middle,
and vertex of the bubble front are detected, respectively, to confirm whether they belong to
the same bubble. The principle is shown in Figure 10.
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Through the extraction of the center of the laser stripe at the root, middle, and vertex
of the same bubble front, it can be found that different positions of the bubbles irradiated
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by the line laser lead to different bulge degrees of the center of the laser stripe, but the
abscissa of the arc bulge of the bubble is the same. The abscissa corresponding to the center
position of the bubble can be calculated by (x1min + x1max)/2± ε, where ε is the deviation
of camera shooting caused by mechanical vibration and the error of image processing.
Judging whether the former and the latter are within a reasonable range, it can detect
whether the bubble defects from different pictures belong to the same bubble. Once the
same bubble is detected, it will not be detected again. As the bubble moves, the line laser
irradiates the side of the bubble away from the camera so that the line laser in this part
is blocked by the bubble. It misses a part of the line laser from the camera angle of view.
At this time, it is still judged as a bubble until the laser stripe of this part is completely
exposed; that is, the laser stripe becomes a straight line again, and then the confirmation of
the bubble is completed.

3.3. Multiple Bubble Defects

In the tire production line, due to the complex and unpredictable characteristics of
bubble generation, there are a variety of bubble locations, and two or more bubbles may
appear simultaneously on a line. It can be seen from Figure 11 that there are two arc
bulges in the center of the extracted laser stripe. After traversing the image pixels, the
maximum and minimum coordinate arrays of two groups of points can be obtained. From
Equations (3) and (4), the starting and ending points of two bubbles can be obtained,
which are x1min, x1max,x2min and x2max. From left to right, the relationship is as follows:
x1min < x1max < x2min < x2max, where x1min and x2max can be obtained directly, but x1max
and x2min are in the middle position, which cannot be directly obtained. The array λ can
be obtained by Equation (3) with two sets of rising points. The array θ can be obtained by
Equation (4) with two sets of declining points. Similar to the acquisition of a single bubble
point in Section 2, x2min and x2max of the second bubble can correspond to two arrays of{

x1
2, x2

2 . . . xn
2
}

and
{

x1′
2 , x2′

2 . . . xn′
2

}
. When x1max = x2min, two bubbles are adjacent to each

other so they can be treated as one bubble, which does not belong to the treatment category
of multiple bubbles. When x1max 6= x2min, the value of x1max and x2min can be calculated
by Equations (10) and (11).{

x2min = min(
∣∣∣ x1min+x2max

2 − λ
∣∣∣)

λ ∈
{

x1
1, x2

1 · · · xn
1 , x1

2, x2
2 · · · xn

2
} (10)

 x1max = min(
∣∣∣θ − x1min+x2max

2

∣∣∣)
θ ∈

{
x1′

1 , x2′
1 · · · xn′

1 , x1′
2 , x2′

2 · · · xn′
2

} (11)
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Figure 11. Multiple bubble defects. Type Ⅱ and Type Ⅲ bubbles are used to represent multiple bub-
bles. Blue circle represents the position of array λ . Yellow circle represents the position of array θ
. 

Using Equations (10) and (11) to deal with arrays λ  and θ , taking the middle value 

of min1x  and max2x , then finding the absolute value of the minimum difference between 

the middle value and the two array, respectively, the value of min2x  and max1x  can be de-
termined. Then, the starting and ending points of the two bubbles can be obtained, and 
their specific positions can be determined. As for more bubbles (>2) on the same laser 
stripe, it is less accurate. The complexity of the algorithm will be improved, so it is not 
considered. 

  

Figure 11. Multiple bubble defects. Type II and Type III bubbles are used to represent multiple
bubbles. Blue circle represents the position of array λ. Yellow circle represents the position of array θ.

Using Equations (10) and (11) to deal with arrays λ and θ, taking the middle value
of x1min and x2max, then finding the absolute value of the minimum difference between
the middle value and the two array, respectively, the value of x2min and x1max can be
determined. Then, the starting and ending points of the two bubbles can be obtained, and
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their specific positions can be determined. As for more bubbles (>2) on the same laser stripe,
it is less accurate. The complexity of the algorithm will be improved, so it is not considered.

4. Experimental Result

The camera used in the experiment is Hikvision, the graphics card of the computer is
GTX860M, the video memory is 2 GB, and the processor model is i5-4210H.

In the experiment, the device shown in Figure 12 is used to simulate the bubble defect
detection. The above-proposed approach, which can accurately find the position of bubble
defects, is adopted to detect bubbles of different sizes and positions. The comparison
between the original image and the processed image is shown in Figure 13. The part with
bubble defects is marked with a colored rectangular frame.
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Our method 93.0 91.5 200 

 

Figure 12. Experimental device.
Processes 2022, 10, 255 13 of 15 
 

 

 
(a) 

 
(b) 

Figure 13. Comparison of test results, the left side is the original bubble image, and the right side is 
the image after detection: (a) represents a single bubble, (b) represents multiple bubbles. 

5. Conclusions 
Tire bubble defects are inevitable in the production process; these seriously endanger 

the safety of car driving. Therefore, a complete set of tire defect detection equipment has 
been built independently, including core components such as line laser transmitters and 
CCD cameras. Additionally, the real-time method of detecting the bubble defects on tire 
surfaces based on line lasers and machine vision is proposed. 

By observing the geometric characteristics of the bubble, it is found that the arcs on 
both sides of the bubble are always located on the outside of the triangle, which is formed 
by the starting and ending points and bubble vertices. Then, the positions of the starting 
and ending points of the bubble can be obtained. 

The laser stripes extracted from the center of the gray centroid are magnified, and it 
is found that there is a gentle interval at the defect of the bubble vertex. The pixels in this 
area are discretely magnified, and the mask of Gaussian function is used to convolute with 
the pixels in this part of the image. The maximum value is the vertex position of the bub-
ble, which effectively improves detection accuracy. The correct rate can reach 93%. The 
experiment shows that the method is feasible and accurate. 

Author Contributions: Conceptualization, H.Y. and Y.J.; methodology, D.J.; software, Y.J.; valida-
tion, Y.J.; formal analysis, Y.M.; investigation, Y.Z.; resources, H.Y.; data curation, Y.M.; writing—
original draft preparation, Y.J.; writing—review and editing, F.D.; visualization, Y.Z.; supervision, 
H.Y.; project administration, H.Y.; funding acquisition, H.Y. All authors have read and agreed to 
the published version of the manuscript. 

Funding: This research was funded by the Natural Science Foundation of Shangdong Province 
(Grant No. ZR2019MEE102) and the Natural Science Foundation of China (Grant No. 52101401). 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Not applicable. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 
1. Zhang, Y.; Li, T.; Li, Q.L. Detection of Foreign Bodies and Bubble Defects in Tire Radiography Images Based on Total Variation 

and Edge Detection. Chin. Phys. Lett. 2013, 30, 084205–084205. 
2. Zhang, Y.; Li, T.; Li, Q.L. Defect detection for tire laser shearography image using curvelet transform based edge detector. Opt. 

Laser Technol. 2013, 47, 64–71. 

Figure 13. Comparison of test results, the left side is the original bubble image, and the right side is
the image after detection: (a) represents a single bubble, (b) represents multiple bubbles.

Table 1 shows the comparison between the accuracy rates of different tire defect
algorithms. The table includes both two-dimensional image processing methods and three-
dimensional target detection methods; the accuracy rate represents the ratio of the number
of images that can correctly mark the bubble position to the number of samples. If the mark
is obviously skewed or there is no mark, the sample is not included in the accuracy rate.
Compared with other methods such as wavelet and dictionary, the proposed method uses
200 samples, and the detection accuracy can reach 93%. The accuracy of our method is
about 9.6% higher than other methods, on average, in single-bubble detection and about
9.7% higher than other methods, on average, in two-bubble detection. By observing the
experimental results, it can be found that under the same detection method, the accuracy
of two bubbles is lower than that of a single bubble. That is because as long as one bubble
is not detected, the detection result of this sample is wrong. With the increase of the
number of bubbles in the sample, the accuracy will naturally decline. The accuracy of
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the two-dimensional image-based method is significantly higher than that of the neural
network method. However, the former is less stable than the latter, which is reflected in
the difference between the accuracy of single-bubble detection and that of two bubbles.
The neural network method has better robustness than the image-based method. The
experimental results indicate that our method has both high accuracy and stability. The
detection time of a single bubble is 9.9 s, and that of two bubbles is 10.88 s.

Table 1. Accuracy comparison of different tire defect algorithms.

Method Accuracy of
Single Bubble/%

Accuracy of Two
Bubbles/%

Number of
Samples

Weighted average method [29] 88.5 85.5 200
Morphological filtering

method [30] 89.5 88.0 200

Wavelet method [31] 91.0 89.5 200
Dictionary method [32] 87.5 84.5 200

CNN method [33] 77.5 77.0 200
3DSSD [34] 74.5 73.5 200

PointRCNN [35] 75.5 74.0 200
Our method 93.0 91.5 200

5. Conclusions

Tire bubble defects are inevitable in the production process; these seriously endanger
the safety of car driving. Therefore, a complete set of tire defect detection equipment has
been built independently, including core components such as line laser transmitters and
CCD cameras. Additionally, the real-time method of detecting the bubble defects on tire
surfaces based on line lasers and machine vision is proposed.

By observing the geometric characteristics of the bubble, it is found that the arcs on
both sides of the bubble are always located on the outside of the triangle, which is formed
by the starting and ending points and bubble vertices. Then, the positions of the starting
and ending points of the bubble can be obtained.

The laser stripes extracted from the center of the gray centroid are magnified, and
it is found that there is a gentle interval at the defect of the bubble vertex. The pixels in
this area are discretely magnified, and the mask of Gaussian function is used to convolute
with the pixels in this part of the image. The maximum value is the vertex position of the
bubble, which effectively improves detection accuracy. The correct rate can reach 93%. The
experiment shows that the method is feasible and accurate.
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