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Abstract

Periodic structural health survey is very crucial to guarantee the safety and serviceability of civil engineering structures.
This study aims at developing a computer vision tool to detect defects on surface of civil engineering structures by
means of Gaussian steerable filters. This tool has been developed with Visual C#. NET to facilitate its implementations.
The developed software programs have been tested with images containing various defects such as crack, pothole, and
spalling.

Key words: Gaussian Steerable Filter; Structural health survey; Structural damage; Computer vision; Software
development.

Tom tat

Khao sat dinh ky 1a mdt nhi€ém vu quan trong dé dam bao su an toan va kha nang lam vi¢c cua két cAu. Nghién curu cta
chiing t6i phat trién mot cong cu thi gidc may tinh dé phat hién cac khuyét tat trén bé mat két cdu dan dung sir dung cac
b0 loc c6 hudng Gaussian. Cong cu ndy da duoc ching t6i phat trlén voi ngdn nglr Visual C# NET va xay dung thanh
phan mém dé tang tinh ing dung cua cong cu. Chuong trinh phan mem da dugc kiém chimg voi cic mau anh chira cac
khuyét tat trén bé mit két cau bao gdm vét nurt, ho trén duong, va vét 16 trén tuong bé tong.

Tur khoa: BO Loc Gabor, Khao Sat Trang Thai Két Cau, Hu Hong Két Cau, Thi Giac May Tinh.

1. Introduction the data regarding structural health. Accurate

The acceptable level of a structure’s and timely recognition of structural have

serviceability is crucial to ensure the safety of ~ Pecome  an integral  part of  the
people. Accordingly, maintenance agencies  Puilding/infrastructure  maintenance system.

need to perform periodically survey and collect The reason is that early detection of structural
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defects can help to establish cost-effective
rehabilitation methods and prevent reduction in
service life of various structures [1-3].

Crack is a widely encountered form of
surface degradation for buildings and asphalt
pavements [4-7]. The detection of crack in
pavement is crucial for road maintenance. It is
because if cracks are recognized timely, the
required cost of maintenance can be saved up to
80% [8]. Besides crack, various forms of
structural damages can be found such as pothole
for pavements and spall or bughole for concrete
elements [9-14]. Thus, periodic structural health
survey is mandatory to detect these forms of
damages early to preclude accidents caused by
structural degradation [15-20].

In recent years, computer vision has proved
to be a capable tool for automatic structural
heath survey. The computer-based approach
has significantly enhanced the productivity and
objectiveness of the structural surveying
process. With such motivation, the current
study aims at developing a software program
based on computer vision to analyze digital
images and highlight various forms of
structural damages. Gaussian steerable filters
are used to automatically analyze the image and
detect edges representing damages on concrete
surface including spall, crack, bughole, and
pothole. The edges revealed by the Gaussian
steerable filters can be subsequently employed
for further damage categorization and
measurement.

2. Gaussian Steerable Filters for image processing

The Gaussian Steerable Filter (GSF) [21, 22]
is essentially an image enhancement technique
that employs orientation-selective convolution
kernels. As demonstrated in the previous works
[23-25], this image enhancement technique is
particularly useful to differentiate the crack
patterns and the background texture of asphalt
pavement. In addition to crack detections, GSF

has been successfully employed in other tasks
of the computer vision field [26-31].

It is noted that in the GSF algorithm, a linear
combination of Gaussian second derivatives is
used as a basic filter. For an image I(x,y), a 2-D
Gaussian at a certain pixel coordination is
expressed as follows:

[ (X i) W

G(x,y,0)= ﬂl exp

where o denotes a tunable parameter of the
Gaussian function variance.

The first order derivatives used to compute
the filters at 0° and 90° are given by [22, 32]:

G, = 0N X oYy (o)
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A filter at an arbitrary orientation f is given
by [22]:

G, = cos() x G, +sin(B) x Gy, (4)

It is worth noticing that when the value of
the Gaussian function variance (r) is fixed, the
final filter response is a combined result of GSF
with a set of orientationd. The value of @is
selected from a set of angles such as

T 2m 37
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The final SF response at the pixel location of
(x,y) in the image | is computed as follows:

R(x,y) =F(x,y,0,8)*1(x,y) )

where “*’ is the convolution operator.

3. Applications of the newly developed
program

The performance of the newly developed
software program based on GSF used for
structural damage detection is demonstrated in
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four categories of defects. The image samples
have been collected by the Cannon EOS M10
(CMOS 18.0 MP) and Nikon D5100. The size
of an image sample is 128x128 pixels. The
images processed by GSF are demonstrated in
Fig. 1. As can be seen from the figure, the
integrated computer vision model has
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successfully highlighted the edges caused by
damages in the surfaces of various structures:
(a) concrete surface with crack, (b) asphalt
pavement with crack, (c) wall with spalling, (d)
asphalt pavement with a pothole, and (e)
concrete column with a bughole.

(@)

(b)

(©)

(d)

(€)

Fig. 1 Image analyses with images containing: (a) wall crack, (b) pavement crack, (c) spall in wall surface, (d)
pavement pothole, and (e) concrete bughole
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4. Concluding Remarks

Periodic survey of structural heath is
important in  building or infrastructure
maintenance. To improve the productivity of
this process, this work has developed a
computer vision model based on the
applications of the GSF to detect structural
defects. Experiments show that the GSF based
approach can effectively identify edge features
caused by various types of distress. To facilitate
the application of this model, a software
program has been constructed. The capability
of the newly developed program has been
tested with five cases including the detections
of crack, spalling, pothole, and bughole objects.
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