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In recent years, with the rapid development of tunnel construction in China, the length of tunnels has continued to increase, and
the consequent tunnel disease detection has attracted more and more attention from maintenance departments. Among many
diseases, lining cracks are the most common, which directly reflect the stress of the lining, which is very important for the study of
tunnel diseases. In view of the current detection status and detection requirements, this article has carried out research work on a
vehicle-mounted tunnel lining crack detection system based on image processing. Due to the grayscale difference between the
cracks on the lining surface and the lining background, these differences lead to significant crack edge features and relatively stable
detection. *erefore, this article designs an intelligent edge algorithm system for cracks on the lining surface to detect the edges of
the image, extract the edges of cracks, and remove useless interference information in the lining background. *e experiment
proves that the paired sample t-test can find that after the experiment is over, the P value of different edge detection operators for
global threshold segmentation is less than 0.05, which has a significant difference. *e Canny, Deriche, and Lanser filters are
relatively strong, and the extracted crack edge noise is relatively small. Finally, the parameter values of the crack image are
calculated, and the calculated values of the crack parameters provide a scientific and reliable basis for tunnel safety evaluation.

1. Introduction

Intelligent edge computing utilizes Internet of *ings edge
devices for data collection and intelligent analysis and
computing, enabling intelligence to flow between the cloud
and the edge. As the most basic mode of transportation, the
highway has the widest coverage and the strongest service
function, providing convenient conditions for the rapid
development of China’s economy. Due to the changeable
terrain of China, the excavation of tunnels has become an
important form of construction of the main transportation
hub. *e acceleration of the national modernization process
and the continuous improvement of traffic convenience
requirements have prompted a continuous increase in the
number of tunnels. *e excavation of road tunnels has
greatly eased the increasingly serious traffic pressure in the

city, reduced the transportation time of passenger and
freight transportation, and greatly improved the local
economy and living conditions. Inadequate investment in
tunnel management and maintenance is the biggest problem
facing China’s tunnels in recent years. It has not done
enough to apply the theoretical knowledge of tunnel
management and maintenance to actual inspections, and the
early detection of tunnel diseases is insufficient; the tensile
strength of concrete itself is very low, so the surface of the
concrete structure usually has microcracks, which will not
damage the performance of the tunnel.

Some developed countries abroad are more mature and
advanced in tunnel lining crack detection technology than
domestic ones, but the technology is relatively confidential.
*e technology is quite mature. Di Carlo F obtained the
tunnel lining image by comparing the intensity of the
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emitted and received laser signals and compared the phase
difference between the emitted and received lasers to obtain
the distance between the tunnel lining surface and the track
centerline [1]. Based on image analysis technology, Briffaut’s
has written a program to count the number of pixels in the
analysis area selected in the digital photo and the number of
pixels in the crack area, calculate the ratio, and calculate the
area ratio of the crack area. Parameters such as crack width
are obtained [2]. Gao et al. received the electromagnetic
wave reflected back to the ground through the receiving
antenna. When the electromagnetic wave is propagated in
the underground medium, it will be reflected when it en-
counters the interface with an electrical difference.
According to the received electromagnetic wave waveform,
amplitude intensity, and time change characteristics, the
space of the underground medium is inferred [3].

*e application of automatic crack detection technology
in China mainly focuses on detecting road pavement cracks.
*e automatic detection of tunnel lining cracks is still in its
infancy. *e technology is not very mature, and the ap-
plication is not very extensive. It is far behind western
developed countries and cannot meet the growing number
of tunnels. Testing needs: Jiang Y obtained the tunnel lining
image and the distance between each point of the tunnel
lining surface and the track centerline by analyzing the
intensity and phase difference of the transmitted and re-
ceived laser signals so as to mark the tunnel diseases and
calculate the parameters such as crack length and water
seepage area [4]. Harada et al. used the Otsu threshold
segmentation method based on edge detection to segment
the image.*is method is effective for detecting cracks in the
image. It can well separate the cracks from the background
and reduce noise interference [5]. Shalabi used the
knowledge of image genetic programming to develop an
image filter for identifying cracks. *rough iterative filtering
of local areas of the image, residual noise is successfully
filtered out and unclear cracks are detected.*is method can
be used on different surfaces for the accurate detection of
image cracks [6].*ese studies provide technical support for
tunnel detection and improve the identification efficiency of
tunnel detection systems, but they still lack intelligent
technology.

*rough analysis of domestic and foreign tunnel lining
crack detection algorithms, it is found that although there
are various detection algorithms, the algorithms still have big
problems in image segmentation and image classification.
*is article conducts an in-depth study on the impact of the
environment on the cracks. After the rain penetrates the
cracks, the gray value will become larger and the edges will
spread. *is also increases the difficulty of image segmen-
tation. In this case, the threshold segmentation method
cannot be used directly. *us, the target area of the crack is
separated from the background area well. According to the
characteristics of the tunnel lining image, this article uses
image processing-related technology to process the tunnel
lining image. *e background of the tunnel image and the
characteristics of the tunnel captured by the image are
compared and analyzed by image processing technology,
which is beneficial to the analysis of the tunnel situation.

2. Intelligent Edge Computing Detection
Vehicle and Detection Method Based on
Tunnel Lining Concrete

2.1. Cracks in Tunnel Lining and 'eir Causes

2.1.1. Types of Tunnel Lining. Tunnel lining refers to a
permanent support structure built with reinforced concrete
and other materials along the periphery of the tunnel body in
order to prevent the deformation or collapse of the tunnel
rock formation. Its structure usually consists of three parts:
arch ring, side wall, and bottom plate. *e arch ring is located
on the upper part of the lining, and the side walls are located
on both sides of the lining. *ere are straight side walls and
curved side walls. *e bottom plate is located at the bottom of
the lining [7, 8]. *e assembled lining is also called fabricated
lining or assembled lining. It comprises the arch ring,
standing leg, backing plate, template, etc. *e arch ring and
the standing leg are connected by bolts, and the backing plate
is between the arch ring and the standing leg. For disassembly,
the template is laid outside the standing legs and arches. *is
type of lining has some problems, such as the easy formation
of splicing joints and water leakage, so it has not been pro-
moted [9, 10].

2.1.2. Classification and Causes of Tunnel Lining Diseases.
Tunnel lining diseases can be divided into many types
according to different causes. *e more common ones are
lining leakage caused by failure of waterproofing and
drainage, lining cavities caused by deterioration of lining
concrete materials, lining cracks and deformation caused
by external force, and lining caused by chemical corrosion,
corrosion, surface peeling, etc. In summary, the causes of
lining diseases can be divided into the lining material itself,
the influence of external factors on the lining, and the level
of construction. *e quality of the lining material itself
determines whether the lining is prone to layering and
peeling. Even if the quality of the lining is affected by water
leakage, external forces, and other factors, it is difficult to
cause disease [11, 12]. *e influence of external factors on
the lining includes leakage water erosion, chemical cor-
rosion, external force, etc. Among them, the leakage water
erosion and chemical corrosion will directly cause the
lining to corrode and peel off. *e external force mainly
comes from the formation pressure, including the defor-
mation pressure and loosening of the formation, pressure,
and shrinkage stress. Its size is closely related to many
factors, including rock geological conditions and the me-
chanical properties of surrounding rocks. *e level of
engineering construction cannot be ignored, and the
quality of construction directly affects the quality of the
lining. *e human factors of the construction personnel
during the construction process and the load condition of
the construction vehicles during the construction process
will cause lining diseases. *ese diseases not only shorten
the service life of the tunnel and affect the appearance of the
tunnel but also cause other diseases [13, 14]. *ey often
appear in the initial stages of tunnel deterioration, so they
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need to be detected and preventive measures taken as soon
as possible before the problem becomes more serious.

2.1.3. Types and Evaluation of Tunnel Lining Cracks

(1) Tunnel Lining Crack Type. *e severe weather conditions
inside the tunnel lead to different cracks. According to their
direction and the relationship with the longitudinal axis of
the tunnel, they can be divided into three types: longitudinal,
transverse, and oblique cracks [15, 16]. Longitudinal cracks
are mostly structural cracks, the most common and the most
harmful.*ey generally extend along the longitudinal axis of
the tunnel, parallel to or substantially parallel to the lon-
gitudinal axis of the tunnel, and mainly appear in the arched
waist or arched shoulder. *e second is diagonal cracks,
which are structural cracks like longitudinal cracks. *e
third type of crack is the transverse crack, which is similar to
the longitudinal crack, and the longitudinal crack is parallel
to the human body. *ey are often called net-like cracks.
*ey are generally distributed at 30°–45° with the longitu-
dinal axis of the tunnel. *e intersection of several diagonal
cracks can easily cause the lining to fall off. Lateral cracks are
also called hoop cracks, which are mainly caused by factors
such as changes in the pressure of the surrounding rock and
uneven settlement of the foundation. Most of them occur at
the entrance of the tunnel and the intersection of soft and
hard rock layers and have little effect on the stability of the
tunnel [17, 18].

(2) Classification and Evaluation of Tunnel Lining Cracks.
Lining cracks directly affect the normal use of the tunnel.
When the cracks first form, they are very subtle, not easy to
be observed by the naked eye, and pose little harm to the
tunnel [19, 20]. With further development, its hazards to the
tunnel became apparent, seriously threatening the personal
safety of travelers. *e classification method of railway
tunnel lining cracks in China’s railway code divides them
into five grades. *is method comprehensively considers the
length and width of the cracks, as shown in Table 1.

2.2. Image Processing of Tunnel Lining Cracks

2.2.1. Image Characteristics of Tunnel Lining Cracks.
Since the characteristics of the collected images are closely
related to the selection of subsequent image processing
methods, it is necessary to analyze the characteristics of the
collected images first. Ideally, the cracks are darker than the
background color, but due to the complex environment in
the tunnel, the images collected by the image acquisition
system usually contain a lot of noise, which undoubtedly
increases the difficulty of later image processing [21, 22].
Generally speaking, the collected images have the following
in common:

(1) In the process of image acquisition, due to the
movement of the detection vehicle, the size of the
camera itself, or the influence of the lens, the col-
lected pictures have a certain degree of distortion

(2) *e internal environment of the tunnel is relatively
complicated, and there must be certain noise in the
collected images of the tunnel lining

(3) *e pixels occupied by the cracks in the collected
images are smaller than the pixels occupied by the
background

(4) *e uneven texture of the tunnel lining surface will
cause the background color of the collected image to
change

*erefore, in the image processing process, the distorted
image must be corrected first, then the image must be en-
hanced, and finally, the crack target is separated from the
background through image segmentation.

2.2.2. Distorted Image Correction Technology

(1) Distortion Coefficient Calculation. Distortion coefficient
refers to the ratio of the root mean square value of the
harmonic components of the voltage or current to the root
mean square value of the fundamental wave component. We
can describe the lens distortion model memory in many
ways.*e difference between these descriptions is the type of
distortion. *e main purpose here is radial distortion, and
the distorted image is corrected. *e process of solving the
distortion coefficient is the key part [23]. Let (x, y) be a point
on the distorted image, and the corresponding point after
correction is (u, v), then the relationship between these two
coordinates can be expressed as follows:
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In the above formula, aij and are correction coefficients,
and n is the number of corrections. According to the
principle of least squares, the square sum of fitting error ε is
the smallest [24], namely, the following:
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In the formula, L is the number of control point pairs.
s � 0, 1, 2, . . . , n, t � 0, 1, . . . , n − s, s + t≤ n.

(2) Image Reconstruction. After coordinate transformation,
the coordinates in the image are not necessarily integers; that
is to say, the coordinates (u, v) of the ideal image point after
reconstruction is an integer, but the coordinates of the
corresponding point in the distorted image are not neces-
sarily integers [25]. In order to obtain the gray value of this
point, the gray value of the surrounding points can be used
to further define the gray value of the image point (x, y), that
is, gray interpolation, which can be used as the gray value of
the ideal image point (u, v).

f(i + u, j + v) � (1 − u)(1 − v)f(i, j) + uvf(i + 1, j + 1). (5)

(3) Crack Image Enhancement. According to the perceptual
characteristics of the human visual system, the image is
processed, the useful information in the image is high-
lighted, and the image suitable for human or machine
analysis and processing is obtained, thereby enhancing and
improving the visual effect. If the tunnel lining image col-
lected by the image acquisition system is not processed in
any way, the image quality is not high, which is not con-
ducive to later image analysis, image feature recognition, and
extraction. In order to reduce the difficulty of the later work,
it is necessary to improve the quality of the collected images.
Image enhancement can achieve this goal. Image en-
hancement is to improve image quality by reducing or
eliminating some uncritical parts of the image and high-
lighting the key parts of the image, as purposed by [26].

(1) Grayscale transformation method: the grayscale
transformation method uses the grayscale transfor-
mation function to compare or stretch the grayscale
of the image. If the gray value range of a gray image is
in the [0, L − 1] interval, and it is normalized, then its
histogram can be expressed as follows:

p sk(  �
nk

n
, k � 0, 1, . . . , L − 1. (6)

In formula (8), nk represents the total number of
pixels whose gray value is sk, and n is the total
number of pixels in the input image.

(2) Homomorphic filtering method: homomorphic fil-
tering uses a filter function to estimate the low and
high frequencies of the image. *e low frequency is
represented by the illumination component and the
high frequency is represented by the reflection
component.

f(x, y) � i(x, y) · r(x, y), (7)

where f(x, y) is the image density, i(x, y) is the
illumination component, and r(x, y) is the reflection
component.

(3) Gradient domain image enhancement method: the
uneven distribution of the image on the gradient is
also a manifestation of uneven image illumination. If
the image gradient is strong and has a clear structure,
it means that the contrast of the image is high. *e
reduction of the image gradient range can also
achieve the compression of the image dynamic
range, so the image can be enhanced by changing the
image gradient [27]. Use the smooth function to
process the image gradient to get the following
expression:

G(x, y) � ∇H(x, y) · ϕ(x, y). (8)

*e direction of G(x, y) depends on the direction
of ∇H, and the values of ‖∇H‖ and ϕ(x, y) deter-
mine the size of G(x, y).

(4) Enhancement method based on Retinex theory:
retinex theory believes that the color and brightness
of objects perceived by the human visual system
depend on the reflection characteristics of the surface
of the object, and the reflectivity of the object is
perceived under different lighting conditions. It is
based on the algorithm of illumination compensa-
tion. In the Retinex model, the image can be
expressed as follows:

I(x, y) � L(x, y) · R(x, y). (9)

Among them, I(x, y) represents the incident
light, which reflects the brightness of the image, and
R(x, y) represents the reflection property, which

Table 1: Evaluation grade table of tunnel lining cracks.

Rank sequence Classification level
Extremely heavy L> 10m∩D> 5mm Continuous development and fast
Serious 5m≤ L≤ 10m∩D> 5mm May collapse under external force
Heavier L< 5m∩ 3mm≤D≤ 5mm Continuous development and slow changes
Medium L< 5m∩D< 3mm *e development trend is relatively stable
Slight D< 1mm No development trend
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reflects the internal nature of the image. *e prin-
ciple of the Retinex algorithm is to separate the
incident component L(x, y) from the image I(x, y)

and minimize its impact on the image [28, 29].
(4) Retinex image enhancement algorithm based on

guided filter: assuming that the input image I and the
guided filtered output image q have a linear rela-
tionship locally, this linear relationship can be
expressed by the following formula:

qi � akIi + bk, ∀i ∈ ωk. (10)

Decrease the value of E (ak, bk)
min

:
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*e process of solving the above equation by linear
regression is as follows:
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*e mean value of the output image in the window of
pixels centered at k is denoted by μk, the variance is denoted
by σ2k, pk is the average value of the input image in the
window of pixels centered at k, and the number of pixels in
the window is denoted by |ω|. Calculate the output value of
each window, and average these output values, and then the
value of qi can be calculated [30]:
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*e following can be drawn:
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3. Experimental Design of Intelligent Edge
Computing Inspection Vehicle and
Inspection Method Based on Tunnel
Lining Concrete

3.1. Image Acquisition System Design. Edge computing is a
distributed processing and storage architecture by decom-
posing applications or computing services originally

provided by central nodes into several parts. *e image
acquisition part is composed of an image acquisition card,
CCD camera and positioning subsystem, speed sensor,
distance sensor, and other equipment. *e infrared dis-
tance sensor detects when the car approaches the tunnel,
turn on the infrared distance sensor. When entering the
tunnel, the infrared distance sensor triggers the start of the
image acquisition system. When the detection system is
started, it is necessary to initialize each module first, in-
cluding of course the setting of parameters such as the
image capture card and CCD camera, and turn on the
lighting system [31]. When the detection vehicle leaves the
tunnel, the infrared distance sensor gives a corresponding
signal, and the image acquisition device is turned off. *e
speed sensor can coordinate the frequency of the camera to
collect image data of the tunnel lining and detect the speed
of the vehicle. *e flowchart of the image acquisition part is
shown in Figure 1.

3.2. Test Subject. *ere are grayscale differences between the
cracks on the lining surface and the lining background.
*ese differences lead to significant edge features of the
cracks and are relatively stable in the detection. *erefore,
this article designs an intelligent edge algorithm system
based on the cracks on the lining surface to perform edge
detection on the image to extract crack edges and remove
useless interference information in the lining background.
*e more commonly used edge detection operators include
Laplace, Prewitt, Roberts, and Sobel. Due to the overlap
between the images to be spliced, each image after block
division does not maintain the size of the previous single
image. *is system uses the common edge detection op-
erators in the Halcon platform and the Canny, Shen,
Deriche, and Lanser filters in the edges operator to extract
the crack edges. *e edges of the cracks were extracted after
being detected by Laplace, Prewitt, Robert, and Sobel edge
detection operators and subjected to global threshold seg-
mentation processing. *e edges of the cracks are extracted
after Canny, Shen, Deriche, and Lanser edge detection filters
are detected, and global threshold segmentation is
performed.

3.3. Experimental Method. After the captured image is
image-enhanced, image-segmented, and binarized, the pixel
value of the crack area in the image is 1, and the pixel value of
the background area in the image is 0. *e type of crack in
the image is usually judged by projection. *e specific
process of projection method judgment is as follows:

(1) Determine the coordinate system. *e origin of the
coordinate is the position of the pixel at the upper left
corner of the image.

(2) Project the pixels in the target area to the X-axis and
Y-axis directions, respectively, with the X or Y co-
ordinates of the pixel position as the horizontal axis,
and the total number of pixels at that position as the
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vertical axis, and draw the crack image on this co-
ordinate axis; the drawn image becomes a curved
shape.

3.4. Statistical Data Processing Method. SPSS23.0 software
was used for data processing, and the count data was
expressed as a percentage (%), k is the number of data in this
experiment, σ2 is the variance of all survey results, and
P< 0.05 indicates that the difference is statistically signifi-
cant. *e formula for calculating reliability is shown in the
following:

a �
k

k − 1
1 −

 σ2i
σ2

 . (15)

4. Intelligent Edge Computing Detection
Vehicle and Detection Method Based on
Tunnel Lining Concrete

4.1. Evaluation Index System Based on Index Reliability
Testing. Reliability refers to the stability and reliability of the
questionnaire. *is article adopts α coefficient method
created by L.J. Cronbach. *e α coefficient can be obtained
by Reliability Analysis in SPSS software. It is generally be-
lieved that the α coefficient above 0.8 indicates that the effect
of the index setting is very good, and above 0.7 is also ac-
ceptable. Here we analyze the reliability of each type of
object, and the reliability index we choose for each type of
object is slightly different. *e results are shown in Table 2.

It can be seen from Table 2 that the data obtained from
the four indicators (crack length, crack width, crack area,
and number of cracks) for judging the fracture category have
an acceptable impact on this experiment (α> 0.7). It is
necessary to perform image processing on the collected
images. *is process occupies a pivotal position in the entire
image detection process and lays the foundation for the next
step.

4.2. Edge Detection Crack Images

4.2.1. Different 'reshold Segmentation Methods Combined
with Edge Detection Processing Analysis. Global and local
threshold segmentation is performed on the image after
common edge detection. Compared with the global
threshold segmentation method, the local threshold seg-
mentation has a serious blocking effect. *e results are
shown in Table 3. We make a bar graph based on this result,
as shown in Figure 2.

*rough the paired sample t-test, it can be found that
after the experiment, different threshold segmentation
methods combined with edge detection processing resulted
in a P value less than 0.05, which has a significant difference.
Due to the complexity of tunnel lining cracks, Laplace,
Prewitt, Robert, and Sobel edge detection operators cannot
meet the requirements of actual testing. *ey are very
sensitive to noise and have a poor processing effect on
images with more noise. *e detected edges have varying

Table 2: Summary table of reliability test results.

Category Index combination Alpha coefficient(α)

Transverse crack

Crack length

0.8462Crack width
Crack area

Number of cracks

Longitudinal crack

Crack length

0.8479Crack width
Crack area

Number of cracks

Reticular crack

Crack length

0.7653Crack width
Crack area

Number of cracks

Infrared Distance 
Sensor

Initialize the 
Frame Grabber

Start the Video 
Capture �read

Save Image Data

Compress Image Data

Link Data and Save

End of 
Collection?

Turn off the Image 
Acquisition System

Successful Capture

Yes

No

Figure 1: Working principle of system work.
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degrees of loss and are not completely connected. *e
specific situation is shown in Figure 2.

4.2.2. Different Edge Detection Operators Perform Global
'reshold Segmentation. We extracted the crack edges from
the commonly used edge detection operators, such as
Laplace, Prewitt, Robert, Sobel, Canny, Shen, Deriche, and
Lanser filters in the edges operator, and then performed
global threshold segmentation. *e results are shown in
Table 4. *is result makes a histogram, as shown in Figure 3.

*rough the paired sample t-test, it can be found that
after the end of the experiment, the P value of the global
threshold segmentation of different edge detection operators
is less than 0.05, which has a significant difference. *e
Canny, Deriche, and Lanser filters are relatively strong, and
the extracted crack edge noise is relatively small. Among
them, the noise of the Deriche filter is relatively high. Less,

the continuity and integrity are relatively good, closer to the
actual fracture edge. *e specific situation is shown in
Figure 3.

4.2.3. Different 'reshold Segmentation Methods for Image
Processing and Analysis. *e local threshold segmentation
method, based on the local characteristics of the image, sets
up a mask with the target pixel as the center and determines
the threshold according to the local grayscale mean and
standard deviation of the pixels in the mask to achieve
segmentation. *e results are shown in Table 5. Make a
combination diagram, as shown in Figure 4.

*rough the paired sample t-test, it can be found that after
the end of the experiment, the P value of the image processed
by different threshold segmentation methods is less than 0.05.
*ere is a significant difference. *e image after the tradi-
tional fixed threshold segmentation has the crack

Table 3: Different threshold segmentation methods combined with edge detection processing data table.

Attributes Clear Better Medium Blurry P

Laplace + global threshold segmentation 2.44 3.10 3.86 4.83 0.005
Laplace + local threshold segmentation 2.45 3.38 4.49 5.26 0.036
Prewitt + global threshold segmentation 2.22 3.14 3.83 4.72 0.005
Prewitt + local threshold segmentation 2.30 3.34 4.47 4.94 0.032
Robert + global threshold segmentation 2.64 3.13 3.81 4.84 0.005
Robert + local threshold segmentation 2.80 3.35 4.42 5.38 0.031
Sobel + global threshold segmentation 2.50 3.12 4.09 4.88 0.005
Sobel + local threshold segmentation 2.89 3.31 4.36 5.12 0.028

2.44

3.1

3.86

4.83

2.45

3.38

4.49

5.26

2.22

3.14

3.83

4.72

2.3

3.34

4.47

4.94

2.64

3.13

3.81

4.84

2.8

3.35

4.42

5.38

2.5

3.12

4.09

4.88

2.89

3.31

4.36

5.12

Value

Different �reshold Segmentation Methods Combined

Clear

Better

Medium

Blurry

G
ra

de

Sobel + local threshold segmentation
Robert + local threshold segmentation
Prewitt + local threshold segmentation
Laplace + local threshold segmentation

Sobel + global threshold segmentation
Robert + global threshold segmentation
Prewitt + global threshold segmentation
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Figure 2: Different threshold segmentation methods combined with an edge detection processing map.
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characteristics submerged in the background. *e cracks are
well separated from the lining background; after the Otsu
threshold segmentation, there are many burrs on the edges of
the cracks and there are certain noises, which affect the
subsequent identification of the cracks; the iterative threshold

segmentation and maximum entropy threshold segmentation
have obvious crack characteristics and edge burrs and noise is
suppressed; the segmentation speed of local threshold seg-
mentation is slow, which is not conducive to the actual de-
tection needs. By comparing iterative threshold segmentation

Table 4: Different edge detection operators perform global threshold segmentation data table.

Attributes Clear Better Medium Blurry P

Laplace + threshold segmentation 2.83 2.91 3.92 5.06 0.010
Prewitt + threshold segmentation 3.07 3.89 5.34 4.8 0.010
Robert + threshold segmentation 3.88 5.37 5.32 6.94 0.010
Sobel + threshold segmentation 5.11 5.07 7.36 8.43 0.010
Canny + threshold segmentation 4.91 5.4 7.27 8.6 0.010
Shen + threshold segmentation 5.2 4.99 7.14 8.44 0.010
Deriche + threshold segmentation 5.19 5.04 7.02 8.18 0.010
Lanser + threshold segmentation 4.85 7.31 8.48 9.7 0.010
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Figure 3: Different edge detection operators perform global threshold segmentation of data graphs.

Table 5: Different threshold segmentation methods to process the image data table.

Attributes A B C D E F P
Image after image preprocessing 2.20 2.12 3.42 3.97 5.24 5.21 0.001
Fixed threshold segmentation 2.02 2.22 2.94 3.87 5.24 4.95 0.005
Otsu threshold segmentation 1.77 2.69 2.81 4.08 5.43 5.16 0.005
Iterative threshold segmentation 2.17 2.05 3.74 3.42 5.68 5.55 0.001
Maximum entropy threshold segmentation 2.50 2.50 3.23 3.87 4.96 5.40 0.017
Local threshold segmentation 2.32 1.91 3.01 4.62 5.21 5.02 0.028
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and maximum entropy threshold segmentation, it is found
that the maximum entropy segmentation method, as a global
segmentation method, has high segmentation efficiency, and
the effect is significant, with fewer glitches and noise than
iterative threshold segmentation. *e specific situation is
shown in Figure 4.

4.3. Detectiontunnel Lining Cracks

4.3.1. Analysis of the Results of Crack Levels Detected by the
System. *e cracks in the lining directly affect the normal
use of the tunnel. *e cracks are very subtle when they first
form and are not easy to be observed by the naked eye, and
they pose little harm to the tunnel. *e results are shown in
Table 6. Based on this result, we make a doughnut chart, as
shown in Figure 5.

From Figure 5, we can draw the conclusion that serious
lining cracks in the tunnel accounted for 9.75%, heavier
lining cracks accounted for 15.42%, medium lining cracks
accounted for 29.67%, and slight lining cracks accounted for

45.16%. Based on the above analysis, the tunnel maintenance
personnel need to maintain the tunnel in time.

4.3.2. Comparative Analysis of Crack Width Detected by
Different Methods. Assuming that the manually detected
crack data is the real data, taking the crack width as an
example, the comparison result of the partial crack width
detected by this system and the manually detected crack
width is shown in Table 7.

It can be seen from Table 7 that the crack width
detected by this system has a little deviation from the
crack width detected manually, and the two are relatively
close. It is worth noting that the crack width value de-
tected by this system is generally lower than the value of
the crack width detected manually. *is is because
manual detection is greatly affected by humans, and there
is a certain error, which will eventually lead to a large
detection result.

Assuming that the number of manually detected cracks
is real data, Table 8 is the accuracy of identifying the type of
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Figure 4: Different threshold segmentation methods to process images.

Table 6: Result data table of crack level detected by the system.

Groups Extremely heavy(AA) Serious (%) (A) Heavier (%) (B) Heavier (%) (C) Slight (%)
(D)

A (%) 0 9.75 15.42 29.67 45.16
B 0.5 8.3 13.75 34.51 42.94
C 1.9 12.1 22.2 34.12 29.68
D 5 19.5 27.42 31 16.08
E 2 12.7 24.37 37.42 23.51
F 0 4.25 10.64 36.17 48.94
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tunnel cracks detected by this system. We make a pie chart
based on this result, as shown in Figure 6.

*e correct rate of using this system to detect the type of
tunnel lining cracks has reached more than 80%, which
meets the design requirements of the system. Due to the

definition between longitudinal cracks and oblique cracks,
and between oblique cracks and net-like cracks, different
workers have large gaps in testing, and there are certain
errors, which will eventually lead to large detection results.
However, this does not affect the correct judgment of the

0%
10%

15%

30%

45%

-1%
8%

14%

35%

43%

2%12%

22%

34%

30%

5%19.50%

27.42%

31%

16.08%

2%
12.70%

24.37%

37.42%

23.51%

0%
4.25%

10.64%

36.17%

48.94%

Results of Crack Levels Detected By the System

Extremely (AA)
Serious (A)
Heavier (B)

Heavier (C)
Slight (D)

Figure 5: Results of crack levels detected by the system.

Table 7: Comparison result data table of crack width detected by different methods.

Groups *e maximum width of the crack measured by the
system

Maximum width of cracks measured
manually Deviation Accuracy (%)

A 2.08 1.92 0.16 7.69
B 1.94 2.12 0.18 9.28
C 2.22 2.37 0.15 6.76
D 2.45 2.88 0.43 17.55
E 1.81 1.93 0.12 6.63
F 2.50 2.72 0.22 8.80
G 2.40 2.53 0.13 5.42
H 2 2.24 0.24 12.00

Table 8: Data table of the accuracy of the crack type identified by the system.

Crack type Number of cracks
measured by the system

Number of cracks
measured manually (A)

Number of cracks
measured manually (B)

Number of cracks
measured manually (C)

Number of cracks
measured

manually (D)
Transverse
crack 18 21 18 22 15

Longitudinal
crack 16 19 18 16 16

Diagonal crack 5 5 8 7 9
Reticular crack 8 9 9 11 16
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system to detect the type of tunnel lining cracks. *e specific
situation is shown in Figure 6.

5. Conclusions

With the acceleration of the national modernization
process, the demand for fast transportation has increased
year by year, and the tunnel has gradually become an
important transportation hub. However, with the con-
tinuous increase of tunnels, tunnel diseases have begun to
emerge, and the types of diseases are diverse and cracks
appeared due to the lack of prudence of the survey team,
insufficient technical force or lack of experience, poor
quality of concrete materials, or wrong use of con-
struction personnel, so it is necessary to increase the
detection of highway tunnels. However, the current de-
tection technology of tunnel lining diseases in China is
still relatively backward, and it is far from meeting the
standard requirements of tunnel detection. *erefore,
this article designs and studies the automatic crack de-
tection system. In-depth research has been conducted on
the development status. China is still relatively backward
in tunnel lining crack detection technology, and it is
necessary to strengthen the research on tunnel lining
crack detection. *is article deeply analyzes the types,
hazards, and causes of cracks, which shows that it has
great practical significance for the research on the

detection of tunnel lining cracks. Based on the consid-
eration of the tunnel environment and the characteristics
of the tunnel lining crack image, the detection system is
designed and researched. *e automatic detection system
for tunnel lining cracks is overall designed. *e detection
system is mainly divided into two parts: image acquisition
and image processing.

*e quality inspection method of tunnel concrete lining
has an irreplaceable influence on the quality of tunnel en-
gineering. *erefore, the inspectors need to grasp the key of
the tunnel concrete lining quality inspection method so as to
improve the actual level of tunnel concrete lining quality
through the flexible application of the inspection method on
this basis. *is article analyzes the working process of the
detection system and studies the working principles of each
part of the system.*e crack detection system first stores the
collected images in the industrial computer and then uses
the corresponding algorithm to process the images. *is
article uses a combination of the projection method and
threshold method to identify features of processed images.
*en, the cracks were spliced, and finally, the characteristics
of the cracks in the image were extracted according to the
corresponding algorithm; that is, the parameter values of the
crack image were calculated, including the length and width
of the regular cracks and the area of the irregular cracks. *e
tunnel is scientifically evaluated based on the calculated
parameter values.
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*is system uses traditional image processing to detect
and recognize tunnel lining cracks. Although a lot of im-
provements have been made in the algorithm, it still has
limitations. *e crack recognition effect is not as good as the
algorithm based on pattern recognition and deep learning.
Pattern recognition and deep learning algorithms realize the
automatic classification of cracks by training crack samples.
*is method has a good effect and high accuracy and can
identify various cracks. *e grayscale features of the cracks
and the lining background are relatively close, and the lining
surface has a complex grayscale and there are many inter-
ferences. Although this system uses effective algorithms for
targeted processing, it still inevitably causes some cracks to
be removed along with noise, and the unclear cracks on the
lining surface are easily overlooked and cannot be detected.
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