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Abstract

The traditional crack detection of concrete components has been mainly manual, and it
is unable to carry out automatic long-term monitoring of the channel wall apparent
damage area which is closely related to the safety risk of water conservancy channel
structure. In this paper, a channel crack detection technology based on vision is designed,
and a set of channel wall automatic inspection system is constructed for channel crack
detection, which can carry out long-term daily monitoring of channel apparent damage.
In this paper, YOLOV3 is used as the crack detection module, and combined with related
parts such as crack identification, extraction and measurement, it not only realizes long-
term monitoring of the channel, but also judges the dangerous situation of the channel
crack.
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1. Introduction

In recent years, Chinese water conservancy project construction has entered a period of rapid
development. With the proposal of national water conservancy strategy and consideration of regional
balanced development, water conservancy investment has gradually developed to mountainous areas.
Limited by the terrain and geological conditions, the channel ratio of water conservancy facilities in
mountainous areas is very high, and some water conservancy projects reach more than 80%. Due to
the particularity of channel structure and construction, diseases such as cracks, water seepage, falling
blocks and settlement will occur after long-term operation, especially the appearance and
development of cracks. If effective detection and intervention are not carried out, it may lead to
channel safety accidents, with unimaginable consequences. For a long time, people's operation and
maintenance of the channel has been mainly manual. With the deepening of water conservancy
project construction, the management pressure on the channel safety will be more and more great.

If the operation status of the channel, especially the channel wall apparent disease area closely related
to the safety risk of the channel structure, can be unattended and automated long-term monitoring, so
as to give an assessment of the health status of the channel, and formulate a targeted operation and
maintenance plan, the problem can be prevented. Therefore, it is necessary to build a set of channel
wall automatic inspection system which can monitor the channel apparent disease daily. There are
many domestic and foreign research results on the disease detection and treatment of channels and
cofferdams [1-10], but the results that can simultaneously detect and accurately measure the crack
size of channels are rarely reported. Therefore, the visual-based channel crack detection technology
studied in this paper is very necessary not only in academic research but also in practical applications.
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2. Channel Crack Detection Algorithm Flow

In this paper, a large number of channel images were collected from the channel by visible light
camera and depth camera. The collected images were screened by the detector constructed by
YOLOV3, and those without cracks were directly discarded until the channel images with cracks
were screened out.

For the position of slit image that needs to be identified and extracted, this paper firstly uses Hessian
eigenvalue image extraction to obtain the eigenvalue image, then uses iterative adaptive segmentation
to obtain the initial mask image, then carries out guide frame restricted binary segmentation to obtain
the restricted mask image of the initial mask image, and finally carries out region growth and de-
noising. The final mask image is obtained to obtain the crack fusion map and contour map.

Finally, the crack measurement was carried out, and the skeleton line of the crack was extracted by
refining the image. Then, the gap length was obtained by using the Dijescale longest path, and the
maximum width line of the crack was extracted at last.
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Fig 1. Algorithm flow

3. Channel Crack Detection Algorithm based on Vision

3.1 Crack Detection

When detecting cracks, the algorithm in this paper uses the detection model constructed by YOLOV3.
In this paper, LabelMe labeling software is used for segmental labeling of channel images to filter
out more background information. As shown in Figure 2, when detecting cracks, the visible light
camera is used to collect images, and YOLOV3 is used to detect the entire acquired image. If no
cracks are detected, the next frame of image will be detected until the cracks are detected.
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Fig 2. Crack detection process

Fig 3. YOLOV3 test result
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FIG. 3 is a schematic diagram of the defect area detection results of several crack images constructed
by YOLOV3 in this paper. It can be clearly seen that the detection results of the detector for cracks
are very correct, and background information is greatly excluded, which provides convenience for
the following crack identification and extraction.

3.2 Crack Identification and Extraction

Crack images can be obtained after crack detection, and then relevant information such as the location
of cracks in the image needs to be identified and extracted. The whole process of crack identification
and extraction algorithm is shown in Figure 4.
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Fig 4. Crack identification and extraction process

The main contents involved in crack identification and extraction are: Hessian eigenvalue image
extraction, iterative adaptive threshold segmentation, region growth, small particle noise removal
technology.

3.3 Hessian Feature Value Image Extraction

In this paper, Hessian matrix is used to extract feature images. When edge detection is carried out by
Hessian matrix, distribution features of edge images can be combined with distribution of Hessian
matrix, and feature vectors and corresponding eigenvalues can be obtained by Hessian matrix of
corresponding points. The elimination of edge response in SIFT algorithm can be judged according
to the Hessian matrix, and the eigenvalue of every Hes-sian matrix in the image can be obtained.

In this paper, the crack image is converted into Hessian eigenvalue image by obtaining Hessian matrix,
as shown in Figure 5.
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(a)Crack image (b)Characteristic pattern
Fig 5. Hessian eigenvalue image
It can be seen from FIG. 5 that after the image is converted into the feature value space, the crack
area shows relatively bright brightness while the background area shows relatively dark brightness.

In order to further eliminate the non-crack area, iterative adaptive threshold segmentation is adopted
to perform binary segmentation for the value of the feature map.

3.3.1 Iterative Adaptive Threshold Segmentation

In this paper, maximum inter-class variance method (OTSU) is used to divide the crack image into
background and target according to the grayness value of the image. For the image I (x, y) whose size
is M x N, the segmentation threshold T of target and background is found to maximize the inter-class
variance g, and the image is divided into target part N1 and background part N2. The ratio of
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foreground pixel number to the whole image is wi, and the average gray value is ui. The proportion
of background pixel points in the whole image is w2, and the average gray level is uz.
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Where, u is the total average gray level of the image; the target part N1 is the number of pixels whose
gray level of pixels in the image is less than the threshold T; the background part N2 is the number of
pixels whose gray level of pixels is greater than the threshold T.

Iterative adaptive threshold segmentation, after obtaining the threshold value K, the image larger than
the threshold value will be twice adaptive threshold segmentation.

As shown in Figure 6.

(d)

Fig 6. Mask generated by iterative adaptive threshold segmentation

In Figure 6 (a) is the mask obtained by ostu automatic threshold segmentation and removing small
noise; Figure (b) is the result of calculating ostu segmentation values of eigenvalues at the white mask
of Figure (a), and then performing threshold segmentation again; Figure (c) is the re-segmentation
result of threshold after calculating ostu segmentation value and minimum eigenvalue at the white
mask of Figure (a) and calculating their linear fusion value (ostu segmentation value x0.8+0.2x
minimum eigenvalue). Figure (d) is the result of regional growth of image (b) by (c) as a guide map.
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3.3.2 Area Growth and Denoising

The region growth algorithm adopted in this paper is mainly to segment and delete the end of the
crack in the image after adaptive segmentation. Therefore, region growth is adopted to merge pixels
similar to the gray level of the gap into a region to expand the end of the crack. In order to remove
the noise of the small block image, the weighted median filter is adopted in this paper to process the
mask image. In the process of channel crack detection, the crack location frame is detected, which is
conducive to further removing the interference of background noise on crack pixels. As shown in FIG.
7, Figure (a) calculates the average gray value for the mask pixels in the detection box, and retains
the part with low gray value to get the segmentation map. Figure (b) is the final mask obtained by
region growth and small noise removal through Figure (a).

(a)The mask before the region grows (b) The mask after the region grows
Fig 7. Before and after regional growth

After obtaining the crack mask, the crack fusion diagram and crack contour diagram can be obtained,
as shown in Figure 8.

(a) Fracture fusion  (b) Fracture profile

Fig 8. Extraction of crack profile

3.4 Fracture Measurement

In order to measure cracks, the depth camera is required to provide distance information. The depth
camera and visible camera are used to acquire images taken at the same time, and the depth camera
is mapped to the visible camera coordinate system for the registration of the depth camera image and
visible camera image, so that each pixel of the channel image acquired by visible light has a
corresponding depth value.

The process of calculating crack length and automatically deducing crack width is shown in FIG. 9.

In the algorithm derivation of the line to be measured, it is necessary to extract the crack mask for the
channel image, and then on the line segment according to a certain
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Fig 9. Process of obtaining crack length and width

The criterion divides the line segment into multiple segments and finds the largest segment as the
crack linewidth.

The interface effect of running this program is shown in Figure 10.
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(a)Testing result (b)Outline (c)Length (d)Maximum width
Fig 10. Crack measurement diagram

The identified contour map (b) is filled with red, (c) is the maximum length map measured in this
paper, and (d) is the maximum width map measured. In this paper, different colors are used to
distinguish, making contour information, length information and width information more intuitive.

4. Closing Remarks

In this paper, YOLOV3 as the detection module combined with crack identification, extraction,
measurement and other related work, to build a vision-based channel crack detection technology
research system, which has been verified in practical applications. From the results, the following
conclusions can be drawn:

(1) By using YOLOV3 as the detection module and marking in segments, positive samples of cracks
can be fully utilized, thus making the detection results of YOLOV3 more accurate than the traditional
calibration results.

(2) The system in this paper has been applied in practical projects, and has actually solved some
related problems that cannot be monitored for a long time by manual channel detection, which has
great practical significance.
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