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Abstract

In this paper, we propose a multi-scale crack detection method using scaling. It is based on morphology algorithm,

crack features, and scaling. We use a morphology operator which extracts patterns of crack. It segments cracks and
background using opening and closing operations. Morphology based segmentation is better than existing integration
methods using subtraction in detecting a crack it has small width. However, morphology methods using only one structure
element could detect only fixed width crack. Thus, we use a scaling method. We use bilinear interpolation for scaling. Our
method calculates values of properties such as the number of pixels and the maximum length of the segmented region.
We decide whether the segmented region belongs to cracks according to those data. Experimental results show that our

proposed multi-scale crack detection method has better results than those of existing detection methods.

Keywords : Multi-scale, crack detection, morphology, shape properties.

I. Introduction

Image processing for inspection is increasing in
various field. Cracks are important clues to indicate
significant structure damages. Cracks on concrete
surfaces are one of the earliest indications of

degradation. The popular methods for crack detection
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are to manually measure the condition of the
concrete. However, the manual methods depend on
the specialist’s knowledge and experience and lack
objectivity. Thus, we focus on image-based crack
detection using scaling and shape properties.

There is a need to detect cracks reliably. However,
images are contaminated by noises such as
blemishes, divots, and shading. Thus, in spite of the
noises, reliable extraction of crack patterns is
important for crack detection.

For many years, various crack detection methods
are proposed. Integrated algorithms which are

composed of two steps are proposed“%]. In the first
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step, the pre—processing is used to reduce noise and
get the subtraction image. In the second step,
thresholding is used to separate crack regions from
the background.

Morphology methods are proposed to segment
regions cracks from background[f’wg]. They are based
on opening and closing operations. These methods
extract useful information and segment cracks and
background in images. However, if these methods use
big structure element, small crack patterns with thin
width are removed as noise. Thus, user should
control the size of the structure element.

Percolation methods are proposed to detect cracks
0101 The shape information of crack is used to
detect. However, these methods are only based on
the brightness values, they have problems to get
crack properties in noisy images.

In this paper, we propose a multi-crack detection
method using scaling. We use hilinear interpolation
for scaling. Our proposed algorithm is based on
morphology algorithm, crack features, and scaling.
We assume that an input image is contaminated by

W= I our proposed algorithm, a

various noises
method using morphology operator extracts patterns
of crack. Morphology based segmentation is better
than existing integration methods using subtraction in
detecting a crack. Also, it is robust to noisy
environment. However, morphology methods using
only one structure element could detect only fixed
width crack. Thus, we use a scaling method. We use
bilinear interpolation instead using structure elements
of

shape properties of cracks are

with various size which cause heavy load
Also,

considered to detect cracks in our proposed methods.

operations.

II. Existing crack detection methods

In existing crack detection methods, they proposed
crack detection methods which are generally consist
of two stages. In the first stage, pre-processing
which reduces noise and gets subtraction image is
performed. To reduce noise, smoothing filter such as

median or gaussian filter is used. Also, subtraction

(2439)
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Fig. 1. (a) Test original image with thin width crack,
(b) Filtered image, (c) Subtracted image.
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Fig. 2. (a) Test original image W|th thick width crack,
(b)

Filtered image, (c) Subtracted image

image is obtained by subtracting the original image
from the smoothed image which is filtered. Fig. 1.
and Fig. 2 show those images.

In the second stage, segmentation by thresholding
i1s operated. The thresholding operation is performed
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(@) Subtracted image between 7x7 median
filtering and original images with thin width
crack, (b) Thresholding image using maximum
entropy method, (c) Thresholding image using
Otsu's method.

on the subtracted images. There are several methods
such as  Otsu® and maximum entropyw. Otsu's
thresholding method segments dark regions such as
cracks from the background image. Maximum
entropy method maximizes inter—class entropy instead
like Otsu's
method. As shown in Fig. 3 and Fig 4, these
in detecting thick-width

thresholding method using

of maximizing Inter—class variance
have problems
Furthermore,

Otsu’s algorithm has better performance than those

methods

cracks.
of maximum entropy method.
II. Proposed crack detection
The proposed multi—crack detection algorithm 1is
based on morphology, shape properties, and scaling. It

has four stages. Fig. 5 shows the flowchart of the

proposed crack detection method.

Fig.

E

Fig. 4. (a) Subtracted image between 7x7 median
filtering and original images with thick width
crack, (b) Thresholding image using maximum
entropy method, (c) Thresholding image using
Otsu's method.

Crack image
Scaling
v
Morphology
operation
v
Thresholding
v
Feature extraction
v
Crack region
a8l 5 Hoksts 7Y HE L1E|Ee =5
Fig. 5. Block diagram of the proposed crack detection
algorithm.
First, scaling using bilinear interpolation is

(2440)

performed. According to the size of the crack width,
we scale down an input image. In our proposed
algorithm, downscalings as 1, 1/2, 1/4, 1/8 times
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a3 6. F2E IME
Fig. 6. Down-scaled images.

using bilinear transform are performed. Fig. 6 shows
an input image and the down-scaled images.

Second, the proposed algorithm segments crack
regions from the background image. The proposed
segmentation uses opening and closing operations of

morphology[5] given by

Y= max[(XO S0°,45°, 90°, 135")

.SU°,45°,90°,135°7X] _Xa (1)

where, Oand @ are opening and closing operations,
respectively. We use structure elements according to
four directions. Fig. 7 shows the segmentation image

using the morphology operation.

ag 7.
Fig. 7. Segmentation image using the morphology
operation.
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a3 8 AR P (a) Otsy, (b) =t AEZI|
Fig. 8. Thresholded images using (a) Otsu,
(b) Maximum entropy.

Third, in proposed algorithm, image obtained from
morphological operations is thresholded by Otsu's
thresholding method™. In Fig. 8 we show that
Otsu’s method is better than maximum entropy
method in image using morphological operations.

Finally, we extract features using crack properties
and remove regions of noise from segmented cracks
regions. Fig. 9 shows the extracted crack regions
from the background image without noisy clustering
regions. Our feature extraction and removing noisy

cluster regions are performed as follows

F=1,if C,> T,andC}; > T;
F=0, otherwise,

(2)

where F' is final crack decision, C,, 7T,

v Ly, Cp, Ty are

cluster number, threshold cluster number, feature

value, threshold feature value, respectively. C} could

be circularity feature, eccentricity, aspect ration, etc.

We choose the circularity feature which is given by
40,

nL?2

max

. L. means the maximum length of the

cluster region. After iteratively operations according
to scaling down size 1, 1/2, 1/4, 1/8 times, the results
are combined to the final crack detection image. Fig.

10 shows the detected final crack image.

a8l 9. FEE od g

Fig. 9. Extracted crack image.

a3 10, 27 S o/ 38 AEE 2T O

Fig. 10. Detected final crack image using scaling.
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IV. Experimental results ane,

Ci

(4)

Precision=
In this section, the proposed algorithm and
existing detection algorithm” are simulated on ~ Where C, ¢ are real crack pixels and detected
several crack images, and the results are compared.
Fig. 11 shows test images; “Crackl”, “Crack2”,
“Crack3”, “Crack4”, and “Crackd’. Fig. 12 shows
synthetic crack images which are manually sketched
for simulations.
Fig. 13~Fig. 17 show extracted crack images

using existing and our proposed method.

For comparison, we perform a sensitivity and

precision analysis[g] given by

GnéG
G

(
(

3)

Sensitivity =

(e)

agl 12, gMst 78 HAME. (a) Crackl, (b) Crack2,
c) Crack3, (d) Crack4, (e) Crack5
Fig. 12. Synthetic crack images for (a) Cracki,

(b) Crack2, (c) Crack3, (d) Crackd, (g) Crack5

—

a)
c)
(e)
a8 11, HAE 7Y HAME. (a) Crackl, (b) Crack2,
(c) Crack3, (d) Crackd, (e) Crack5

Fig. 11. Test crack images. (a) Crackl, (b) Crack2,
(c) Crack3, (d) Crack4, (e) Crackb

(b)
(d

(@ (b)
a2 13 CrackiolM FEE #E AAE. (a) 7|
[4], (o) A otst= Hid
Fig. 13. Extracted crack images from Crackl. (a) Existing
method [4], (b) Proposed method

g

i
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(@ (o)
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[4], (b) Ml otste wh
Fig. 14. Extracted crack images from Crack2. (a) Existing
method [4], (b) Proposed method
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(@) (
32 15, Crack3olM FEE ¥ AAME (@ 7|& Y
(4], (b) M| Qtste EHY
Fig. 15. Extracted crack images from Crack3. (a) Existing
method [4], (b) Proposed method.

(@) (b)

a2 16. CrackdollM FEE 7L AME (@ 7|& W
[4], (b) M otsh= g

Fig. 16. Extracted crack images from Crack4. (a) Existing
method [4], (b) Proposed method

crack pixels, respectively. €, is given as shown in
Fig. 12. C; is given as shown in Fig. 13~Fig. 17.
Experimentally, we set 7, 7, values as 7 and 0.5. If
we choose bigger 7, more small dots of noise can

be removed. Also, if we choose smaller 7}, more

thinner lines can be selected as cracks. As shown in
Table 1 and Table 2, our proposed method detects

crack pixels more correctly than existing method.

(@) (b)
a2l 17. CrackbollM FEE 7Y AME (@ 7|& W
(4], (b) ™ etsh= ‘?:H:.
Fig. 17. Extracted crack images from Crackb. (a) Existing
method [4], (b) Proposed method

TS Ant

Table 1.

Sensitivity results.
Existing method [4] Proposed method
Crackl 0.12 0.58
Crack?2 0.08 0.70
Crack3 0.01 0.81
Crack4 0.42 0.83
Crackb 0.02 0.85
Average 0.13 0.75

2

Table 2. Precision results.

Uz 2

Existing method [4] Proposed method
Crackl 0.88 0.30
Crack2 0.38 042
Crack3 0.02 0.31
Crack4 0.26 0.33
Crackb 0.03 0.38
Average 0.31 0.35

V. Conclusions

We proposed an efficient multi-crack detection
method based on scaling, morphology, and extraction
using shape properties. In our proposed method,
bilinear interpolation is used to scale image. Proposed
algorithm
background image and thresholds using Otsu method.

segments crack regions from the
For detect crack regions correctly, our proposed
algorithm removes the noisy clusters using extracted

features.
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Experimental results show the proposed method
has better performance of multi-scale crack detection

than those of the conventional methods.
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