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Abstract

In Japan, there are now approximately 730,000 road bridges, 2.0 m or longer. In 2013, about
18 % of these bridges had been in service for more than 50 years, which is considered the
normal service life of a bridge, and it is predicted that in 10 years, about 43 % of them will
have reached this age. Moreover, deformation by deterioration of the bridge structure has
appeared in those parts that have undergone emergency repairs, which are underwater or
are exposed to harsh local environments. Under such circumstances, in Japan, the Ministry
of Land, Infrastructure, Transport, and Tourism has, since 2014, mandated regular close vi-
sual inspections of bridges once every 5 years and adopted a policy of extending the service
lifetime of bridges. That means replacing corrective with preventive maintenance in order to
prolong the service life of existing bridges. However, in order to carry out close visual inspec-
tion, it is necessary to install a scaffold or use bridge inspection vehicle, which are costly
and laborious. It is difficult for local government facing a shortage of financial resources and
human resources to carry out the currentinspection continuously. Therefore, in this research,
we propose image diagnostic technology using super high resolution camera to inspect an
enormous number of bridges considering efficiently and continuously. By using image of 100
million pixels, we developed an inspection environment that is almost the same as an actual
visual inspection. Some inspection workers diagnosed crack of concrete bridge pier in the
inspection environment, and the usability of image diagnostic technology as inspection tool
was verified

Keywords: bridge inspection, super-high-resolution camera, crack detection, UAV
1 Introduction

In Japan, there are about 730,000 bridges with a length of 2 m or longer, and many of these
were built during a period of high economic growth. Bridges that were built during the period
of high economic growth or later age together, and, the ratio of aged bridges (50 years or
older) was about 18 % in March 2013. This is expected to rapidly increase to about 43 % in
10 years, and 67 % in 20 years [1]. Parts that were repaired during emergencies and bridges
placed in harsh environments age notably. About 2,300 bridges managed by local public
organizations had their traffic regulated in 2015. This increased by 2.4 times in the seven
years after 2008 [2]. It is an urgent issue to strategically manage and update infrastructures
that are aging together.
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Underthese circumstances, there is a shift from breakdown maintenance that attempts coun-
termeasures after major damage occurs, to preventive maintenance that extends the healthy
lifespan of bridges by taking countermeasures while the damage is mild. To take preventive
countermeasures, bridges must be inspected and diagnosed routinely, and the health condi-
tion of bridges must be well understood. In 2014, with a comprehensive standard stipulated
by the federal government, the close visual inspection of all bridges by road maintenance staff
was required every five years. By performing routine inspections, the most up-to-date status
should be understood, and information necessary to determine the necessity of measures is
acquired, thus making preventive maintenance management possible.

The authors used the results from routine inspections to statistically analyze factors (envi-
ronmental and structural conditions) that influence deterioration, and proposed a method
to prioritize the repair of bridges [3]. There are also studies toward building a deterioration
prediction model from the results of routine inspections [4—6]. By accumulating the results of
routine inspections, maintenance management plans can be created effectively.

However, among local public organizations, there are some that have insufficient manpower
relative to the number of bridges to manage, as well as insufficient funding for maintenance.
Thus, these organizations are unable to perform routine close visual inspections. In a questi-
onnaire on mandating local public organizations to perform close visual inspections every five
years [7], insufficient funding and manpower were noted as problems with inspection tasks.
Specific problems included “notably less staff and consulting technicians relative to number
of bridges to be managed” and “high inspection cost preventing from funding for repair.” In
particular, in small municipalities (cities, wards, towns, and villages), there are not many civil
engineers involved with bridge maintenance work, and the inspection costs that can be spent
on each bridge are much lower compared to large-scale municipalities such as prefectures.
Therefore, municipalities such as cities, towns, and villages have difficulty conducting conti-
nuous preventive maintenance owing to insufficient funding and manpower.

With these issues in mind, we propose a new inspection method to replace the current close
visual inspection. The current close visual inspection requires visual inspection of members
under the beam, which is difficult to access. Thus, scaffolding is built, or aerial work vehicles
and bridge inspection vehicles are used. However, building scaffolding has issues with cost
and efficiency, and aerial work vehicles and bridge inspection vehicles are extremely expen-
sive, even if rented. As it is accompanied by traffic control, it causes economic loss. In this
study, to develop an alternative method to the current close visual inspection, we examined
the practical potential of bridge inspections using images captured with a super-high-reso-
lution camera.

2 Previous studies and importance of present study

There are many studies on the imaging potential and diagnostic potential for damage to
develop a remote imaging system to replace close visual inspections.

In recent years, there have been studies that use machine learning or Al in the maintenance
management of bridges. For example, HG Melhem et al. [8] attempted to predict the remaining
service period of bridges using deep learning. They saw that the prediction precision was
low at 41.8 %. The reason is that teaching data used in deep learning is incomplete, and the
precision of the deterioration model is low.

ChristianKoch et al. [9] summarized studies on the deterioration of infrastructures using met-
hods such as deep learning, neuro-fuzzy theory, and support vector machines. Young-Jin Cha
et al. [10] proposed a method to automatically classify the degree of damage using deep
learning. However, the method gave only laboratory results, and the deterioration of concrete
used outdoors could not be accurately classified owing to the impact of shadows, dirt, etc.
Furthermore, Chen, P.-H et al. [11-12] built an evaluation method for damage to concrete
structures and bridges using neuro-fuzzy theory and a support vector machine. The results
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showed that although damages to concrete and steel can be classified, damage needs to be
evaluated. On the other hand, C. Koch, S. Paal et al. [13] proposed a more efficient method
to inspect massive numbers of concrete structures by using image analysis and 3D modeling
technology. The results showed that 3D modeling of a concrete structure notably improves
the detection speed of damage.

As shown, there are many studies on the classification, detection, and automatic detection of
deterioration and damage. However, there has not been a proposal for a method to identify
cracks in piers from a single high-resolution image while verifying the potential of routine
bridge inspections using images taken with an ultra-high-resolution camera.

In this study, we used images of an entire pier with 100 million pixels taken with a super-
high-resolution camera, and created an inspection environment similar to that of on-site
close visual inspections by human inspectors. By having people with experience in bridge
inspection performing inspections and diagnostic experiments with the images, we verified
the diagnostic potential of cracks in concrete based on images. We utilized image recogni-
tion technology to prepare Al that identifies cracks, and proposed a method that delineates
locations with cracks based on the entire image of a pier.

The super-high-resolution camera (Phase One) used in this study is able to centrally under-
stand parts that exhibit even minor damage, based on a single image of a pier, by utilizing
a scaling function. The brightness, saturation, and contrast of the captured images can be
freely adjusted. Thus, this method can photograph areas under beams where light does not
enter easily and photography is usually difficult. In addition, the camera itself is relatively
easy to use and can be mounted on a UAV. Thus, the limitations on the users and imaging
locations are minor.

3 Photography experiment using super-high-resolution camera

In this study, we used a Phase One Industrial iXU-RS 1000 aerial camera. The iXU-RS 1000
aerial camera is a super-high-resolution camera with a dynamic range of 84 db or higher,
pixel size of 4.6 microns, photosensitivity/ISO of 50-6400, and maximum shutter speed of
1/1,600 s. It is able to take photographs of 100 megapixels (11,608 x 8,708). Photographic
image data captured with this super-high-resolution camera use about 600 MB per photo
and can be browsed using specialized software (Capture ONE). Brightness, saturation, and
contrast can be adjusted as needed. The size of the super-high-resolution camera is 97.4 x
93 x 170.5 mm, with a weight of 930 g. Thus, it is quite mobile and can be mounted on a UAY,
so it can be used to take photos of bridges that are difficult to approach by bridge inspection
vehicles and boats

The target bridge was a double-span steel-welded bridge with I-beams (noncomposite) ha-
ving a length of 41.30 m and total width of 4.70 m in Hakui City, Ishikawa Prefecture. The
analysis target member was a T-shaped pier (RC). It was built in 1967 and was inspected in
November 2016. The target member pier was evaluated as a classification of I, and cracks,
water leakage, and stagnant water were confirmed. Since the condition under the road was
a river, traffic was restricted during the routine inspection in 2016, and a bridge inspection
vehicle was used.

Photographs were taken on Friday, October 27, 2017, for 2 h and 30 min between 12:30 and
15:00. All members (superstructure, substructure, and bearings) of the target bridge were
photographed from all four cardinal directions. To take overall photographs and side views
of the bridge, we mounted the super-high-resolution camera on a UAV and took photographs
from three directions: upstream, downstream, and directly above. Since this was just after
a flood, the scaffolding was not in good condition. Thus, instead of a tripod, we set up a
table and placed the super-high-resolution camera on the table. Photographs were taken by
changing the angle. We took 182 photographs to cover all members of the target bridge of
this study.
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4 Diagnostic experiment using image with 100 million pixels
4.1 Construction of diagnostic experimental environment

Using a 52-inch 4K-resolution monitor and designated software (Capture ONE), we created a
setting where the entire image of the pier, captured with the super-high-resolution camera,
can be observed. Brightness, saturation, and contrast can be adjusted, and one can smoothly
zoom in and out of the image. In this study, we used AO paper with the entire pier printed as
the media to record the diagnostic results of cracks.

4.2 Detection of cracks with an image

In the diagnostic experimental environment, two staff with civil engineering degrees but wit-
hout inspection experience visually detected cracks in the image of the entire pier. To detect
cracks, we repeatedly zoomed in and out of the entire image of the pier on the PC, and visu-
ally confirmed that cracks were noted on the AO paper with the photograph of the entire pier
using red lines. In this study, we focused only on the cracks and did not record the widths of
the cracks. In Chapter 4, it was shown that the detection of cracks with a width of 0.1 mm is
possible; thus, we detected all cracks with a width of 0.1 mm or more.

4.3 Diagnostic experiment by experienced bridge inspector

We performed a diagnostic experiment to determine if experienced inspectors can identify
cracks in the image. The experienced bridge inspectors were Mr. A (Hakui City staff) and Mr.
B (Ph.D. in engineering, technician in construction department/steel structures and concrete,
concrete diagnostician); the inspectors zoomed in and out of the photograph of the pieron a
PC. Cracks that could be visually confirmed were noted on the AO paper with the entire image
of the pier printed using red lines. Figure 1 show the diagnosis based on the image.

We interviewed the diagnosticians about the diagnostic potential of the images. Their opini-
ons were that they were able to detect cracks in a similar manner as a close visual inspection.
If we can incorporate this method in an actual inspection, there is further utility in that the
inspection cost can be reduced, and diagnostic results can become more objective. However,
there are some results that are difficult to identify regarding whether they are marks from
construction formwork or cracks, and there is damage that is difficult to diagnose with images
alone. If we can keep the record on a PC, or if a mesh can be displayed, the task will run more
smoothly. These are the remaining issues for the diagnostic experimental environment.

%_Crack diagn Zoom in until cracks

| '-‘.F " _ can be confirmed on

| the overall image

Paper to record
diagnostic results.
e -

Figure1 Diagnosing with image
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5 Analysis of diagnostic potential using images captured with high-
resolution camera

Participants without experience in bridge inspection diagnosed cracks using the image, and
recorded the detection results of the cracks on the print of the entire pier (Figure 2 and Figu-
re 3). Although there were some differences between the diagnosticians’ results, anything
that could be confirmed as a crack was comprehensively detected from the image. Next, the
experienced bridge inspectors diagnosed cracks from the image and recorded the detection
results of cracks on the print of the entire pier (Figure 4 and Figure 5).

Figure 2 Diagnostic results of cracks by staff inexperienced in bridge inspection

Figure 4 Diagnostic results of cracks by experienced bridge inspection
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Figure 5 Diagnostic results of cracks by experienced bridge inspection

Each detection result detected the lateral crack at the center of the pier. The detected po-
sitions of the cracks were mostly the same. However, depending on the diagnostician, the
detection results had slight differences. The reason for this was the participants’ experien-
ce with bridge inspection. Compared to experienced bridge inspectors, inexperienced staff
had a poorer ability to identify cracks, joints, and marks from formwork. Alternatively, these
inexperienced staff might not even recognize the presence of joints and marks from formwork.
Therefore, they could misidentify other items as cracks. Experienced bridge inspectors alre-
ady know the likely sites for cracks, which allows them to find damage with more ease and
to miss very few cracks.

6 Summary and future challenges

In this study, we performed photography experiments using a high-resolution camera on a
real bridge. The brightness, saturation, and contrast of photographs captured with the super-
high-resolution camera can be adjusted, and members under the beam that are usually diffi-
cult to be imaged with a digital camera or inspected by the naked eye can be photographed.
Since this camera can be mounted on a UAV, it can photograph the side of a bridge, which is
usually difficult to do. Since the mounted camera has high resolution, the distance between
the UAV and the bridge can be secured. Since safety, the disadvantage of UAV imaging, can
be secured with a high-resolution camera, this indicates the good compatibility of a high-
resolution camera and a UAV.

As a future challenge, the potential of photographing bridges under various environments
needs to be verified. For the bridge in this study, flooding rendered the scaffolding unsta-
ble, and there was a thick growth of grass, making access under the beam difficult. Existing
bridges have diverse structures, crossheams, and environments, and the difficulty of photo-
graphing varies. Therefore, in the future, by performing photography experiments on other
real bridges, bridges and members that are difficult to photograph can be understood.
Using the images taken with a high-resolution camera, we performed a diagnostic experiment
on the cracks and verified the diagnostic potential of the images. As a result, although there
were some crack detection errors between diagnosticians, the detection results of cracks were
mostly similar. Interviews with diagnosticians showed that cracks could be detected with a
confidence similar to close visual inspection in the field. If this method can be incorporated
into actual inspections, inspection costs can be reduced and diagnostic results can be more
objective. With such comments, the utility of the bridge diagnosis from images taken with a
high-resolution camera was indicated.

In this study, we performed an examination of cracks on a pier. We need to perform an exami-
nation of the diagnostic potential for other members and damage, and members and damage
that can and cannot be diagnosed with images must be classified.
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