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Study of Defect Inspection System for Concrete Tunnel Lining Based on
Image Processing Techniques
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The number of deteriorated concrete components of existing road tunnels has increased
dramatically in many countries due to rapid aging. Therefore, the maintenance and management of
existing concrete structures of the civil infrastructure system have become a major social concern
worldwide, Especially, the existing tunnels were built over 50 years. To keep concrete components
in good condition under all circumstances, the inspection plays an important role in the maintenance
of infrastructure. Defect detection on concrete tunnel lining surface is one of the basic tasks of the
inspection. One of the most frequently adopted inspection techniques is the visual inspection, which
is carried out by inspector’s observation. It has a number of limitations, such as the high labour costs
associated with carrying out tasks, and inaccuracy due to subjectivity, safety, slow inspection speed
and disruption to traffic.

This thesis describes a system, which is based on image processing techniques, to aid the visual
inspection of tunnel lining. The system uses digital video cameras mounted on a steel framework
which is capable of sliding from side to top of the inspecting vehicle to shoot the full surface of the
tunnel lining. The device is cheap compared to other technologies, such as MIMM-R or infrared
cameras. The purpose of the system is to detect the defects on the tunnel lining surface based on
three following themes.

A layout panorama generation method: This research proposes an image acquisition
device with a simple and effective structure that obtains sufficient image data for objective and
precise quantification. Furthermore, image stitching software was developed to create large layout
panorama from the tunnel lining surface images, making it easier to visualize a large view of the
tunnel lining. To achieve this, a mosaicing technique consisted of image matching and stitching
methods is proposed. In that, image matching method is detail presented in similarity metric such as
sum of square difference (SSD), sum of absolute difference (SAD), normalized-cross correlation
(NCC), zero mean normalized-cross correlation (ZNCC), curvature metrics (CUR), and mean
curvature at the nearest neighbor pixels as well as the pixel being processed (CNP) to find correct
matching points. Moreover, in the curvature metric, median filter is used for refinement to smooth
image motion quantity (IMQ) in the consecutive image stitching process. Accordingly, an image
stitching software is developed based on the proposed algorithm to create a layout panorama of the
tunnel lining surface for assisting defect inspection. Moreover, experimental results for an actual
tunnel demonstrate that the curvature measurement can match consecutive images accurately.

To create a crack map for tunnel lining surface, the author propose two approaches that are
semi-automatic crack detection method and fully automatic crack detection method.

A semi-automatic crack detection method: It is difficult to extract crack pixels for all of image




based inspecting regions automatically because of irregularity of cracks and various complex
conditions of noise concrete images. This research provides a semi-automatic crack detection
method based on a collaboration between human and computer using interactive genetic algorithm
to detect the cracks of each large-size concrete surface image.

Advantage of this approach is that inspectors can use the crack detection software to extract crack
pixels without knowledge of expertise level of the image processing techniques. However, the
results of the crack detection are so sensitive depending on user’s practical skill. Therefore, the
author also propose an automatic crack detection method to verify the accuracy and image
processing time of the crack detection.

An automatic crack detection method: This approach is based on a supervise learning technique
using genetic algorithm and an objective function to adjust the optimum parameter of the image
processing techniques. The objective function is relied on the loss and noise ratio analysis.
Advantage of this approach is to use a specific parameter for detecting the cracks of all input images
at the same time. Therefore the processing time is shorten significantly.

Disadvantage of this approach is to need the large training data for learning parameter adjustment.
The automatic crack detection algorithm would be failed for some difficult crack detection cases
such as narrow contrast, noises, and artifacts...

For the experimental results of 50 images with various environmental conditions and thin
crack width, the average accuracy of the fully automatic crack detection method for testing data is
89.7% in pixel level. Meanwhile the average accuracy of the semi-automatic crack method for
testing data is 91.4% in pixel level.

Moreover, the processing time of the semi-automated method and the fully automated
method for the testing images is 30.5 minutes and 1 minute, respectively.

It is concluded that the semi-automatic method yields the higher accuracy. Meanwhile the
fully automatic method achieves the effectiveness of the working time but the accuracy of crack

pixel detection is needed in a further improvement.
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