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Automatic detection and monitoring of the condition of cracks in the road surface are essential elements to ensure road safety and
quality of service. A crack detection method based on wavelet transforms (2D-DWT) and Jerman enhancement filter is used. This
paper presents different contributions corresponding to the three phases of the proposed system. The first phase presents the
contrast enhancement technique to improve the quality of roads surface image. The second phase proposes an effective detection
algorithm using discrete wavelet (2D-DWT) with “db8” and two-level sub-band decomposition. Finally, in the third phase, the

Jerman enhancement filter is usually used with different parameters of the control response uniformity “ 7” to enhance for cracks
detection. The experimental results in this article provide very powerful results and the comparisons with five existing methods

show the effectiveness of the proposed technique to validate the recognition of surface cracks.

1. Introduction

This work concerns the field of metrology for the charac-
terization of the road surface as well as the different geo-
metrical information associated: longitudinal and
transversal. This information must be collected regularly in
order to effectively program the renovation campaigns. If
these repairs are done early enough, they will avoid more
work.

One of the criteria used by managers is the surface
condition of the roadway. This consists of looking for defects
on the pavement such as cracks, joints, and potholes. The
most present and most decisive defect to decide on a
pavement renovation is the crack. Indeed, these cracks are
likely to let the water penetrate deep and deteriorate the
structure of the roadway. Cracks can take different orien-
tations or shapes [1, 2]. They come in longitudinal and
transverse and in various fissures. However, the majority of
these cracks are either in the axis of the road or perpen-
dicular. The search for defects on the pavement can be
presented as the search for break or noise in a regular
texture. So, we decided to find stable characteristics of

pavement texture that provide different values in the
presence of defects. This type of problem is comparable to
the search for defects in ceramics [3] or fabrics [4]. Since
these textures show less variation than pavement textures,
the methods used do not fully address the pavement
problem. In some studies [5], the defect is considered as the
signal that one tries to detect in noise.

In recent years, we have noticed several studies in in-
dustrial processes concerning surface inspection by a
computerized system. Because failure of components or
surfaces can lead to substantial economic losses, so we must
develop an early detection technique of defects and failure
prediction. Kordestani et al. [6] presented the state-of-the-
art and development of failure diagnosis and prognosis
(FDP) monitoring systems. Among the methods of sur-
veillance, Rezamand et al. [7] proposed a comparative study
of developments for the prognosis of complex critical ma-
chines (WT). The objective of the previous topics focused on
crack detection; among the crack detection methods, we find
the method of structured random forests (RF) [8].

The combination of the approach (RF) method [8, 9] and
wavelets [10, 11] is used to detect the edges of the cracks.
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Amet et al. [12] also presented a method for edge defect
detection based on wavelet decomposition and cooccurrence
as a descriptor to extract the characteristics of the images to
classify the images as defective or nondefective. Mathavan
et al. [13] proposed a technique based on the fuzzy trans-
formation of Hough to segment cracks from images of
pavements. In the relay metal plate, Aswini et al. [14] used
the bottom-hat transform filtering approach and mathe-
matical morphology to detect the surface cracks. Mathe-
matical morphology [15, 16] can be used in automatic crack
detection system [17] using a process based on Jensen-
Shannon divergence and wavelet for detection of the crack.
In failure mode classification and health monitoring, Lall
et al. [18] proposed a new technique which has been de-
veloped based on measured damage precursors. The authors
use feature vectors obtained from JTFA for classification.
Zalama et al. [19] developed a method based on the Gabor
filters to detect the transverse and longitudinal cracks. As a
complete method to develop an automatic crack detection
system, Chambon and Moliard [20] presented an approach
based on a multiscale extraction and a Markovian seg-
mentation addresses the problem of automatic crack de-
tection. Chambon [21] presented a process based in
detecting points of interest and a geodesic contour for
connecting the points. Nguyen et al. [22] proposed a new
approach by applying an anisotropy (FFA) of automatic
crack detection. The proposed method using two-dimen-
sional wavelet (2D-DWT) and Jerman enhancement filter
gives good performance contrary of the M1 [23] and M2
[20], Ge [21], FFA [22], and MPS [24] methods. Our method
is not sensitive to the image texture and produces a very low
rate of FN. This paper is organized as follows: Section 2
presents a diagram that contains a method of detecting and
extracting cracked pixels or noncracked pixels on the road
surface. Section 3 presents the experimental results and
analysis. Section 4 gives the concluding remarks. Figure 1
shows the different stages for the development of this system.

2. Materials and Methods

2.1. Types of Cracks. There are many types of defects or
cracks that must be detected and characterized on the
roadways; some examples are illustrated by the images
presented in Figures 2-5 [25].

(i) Transversal crack: the transversal crack is perpen-
dicular to the roadway; some examples are illus-
trated by the images presented in Figure 2.

(ii) Longitudinal crack: the longitudinal crack is parallel
to the roadway; some examples are illustrated by the
images presented in Figure 3

(iii) Oblique crack: oblique cracks correspond to slab
cracks joining two adjacent sides and are located
more than 50 cm from the corner of the slab; some
examples are illustrated by the images presented in
Figure 4.

(iv) The various cracks are cracks appearing anarchically
on the road surface. There are parabolic cracks, star
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or Y; some examples are illustrated by the images
presented in Figure 5 [26].

(v) Figure 6 shows the road surface without cracks

2.2. Discrete Wavelet Transform. To detect the cracks, we
used the wavelets because the latter can be detected in
different orientations. More of that are the experimental
results by Xiao et al. [27].

The fast algorithm for calculating the wavelet transform
was introduced by Mallat in 1989 [28]. This algorithm is
known as a two-channel sub-band encoder and it uses
quadratic mirror filters. The decomposition of the signal x
(n) produces two types of coefficients: approximation co-
efficients and detail coefficients. These vectors are obtained
by the convolution of the input signal with the low-pass and
high-pass filters, respectively, followed by a decimation (see
Figure 7).

Filters are followed by a decimation by a factor of 2. The
two resulting sequences of column levels will also convolve
with the other two banks of identical filters at the first bank
of filters to give three sequences of details: diagonal (HH),
vertical (LH), and horizontal (HL) and an approximation
sequence (LL). Three stages of decomposition are necessary
because most of the details are detected by level 3. The lowest
frequency sub-band that is generated is set to zero, since the
other sub-bands contain the high frequency information
cracks. After this decomposition stage, we then obtain an
image that contains only the high frequency information.

We define a family ¥, (t) from the mother wavelet ¥

-b
Y., () = %‘I’(%) (1)

where g and b are integers representing level and translation,
respectively.
1 t—x
o= [ soe(D)
w® =2 Fo¥(= @)
where ¥ designates the mother wavelet function whose
dilated and translated are the bases of a wavelet analysis
space on which is projected the function f(¢).

2.3. Enhancement Filters

2.3.1. Enhancement Function of the Jerman Filter.
Enhancement of images is dependent on their relative
brightness compared to background; several enhancement
filters [29, 30] characterize the local structure by analyzing
2nd order. The enhancement function can be developed by
redefining the Hessian eigenvalues with respect to the
brightness of the structures of interest. Each eigenvalue A;;
i=1; 2; 3 is redefined as [31]

b
Ai =
A

The function of enhancement can be written as

bright structures on dark background;

dark structures on bright background.
(3)



Mathematical Problems in Engineering

Input Image

Preprocessing phase
Detection of crack
di Jerman
A Just L L1 Wavelet Enhancement
image Filter

FIGURE 1: The main steps for crack detections.
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FIGURE 2: Some defects: (a—c) transversal crack.
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FIGURE 3: Some defects: (a—c) longitudinal crack.
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FIGURE 4: Some defects: (a—c) oblique cracks.
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FiGURE 5: Some defects: (a—c) various cracks.
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Fi1GURE 6: (a—c) Normal.
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FIGURE 7: Two-dimensional multiresolution analysis process.
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where A, is a parametric regularized version of A3, defined to
reduce the sensitivity to weakly contrasted region.

A3, if A; > Tmax, A5 (x, s),
Ay (s) =4 Tmax,A; (x,s), if 0<Ay <Tmax,A;(x,s),
0, otherwise.

(6)

3. Experimental Results and Analysis

To detect cracks in the road surface image (Figure 8), we
propose a method that is built in three hybrid stages between
them. The first step is the preprocessing of the road surface
image to enhance the images of the cracks by adjustment

enhancement techniques. In the second step, we use a de-
tection algorithm with wavelet transform (2D-DWT), “db8,”
and two-level subband decomposition. Finally, the Jerman
enhancement filter is usually used for different parameters of
the control response uniformity “r” to enhance cracks
detection.

We studied the behavior of the method by varying the
distance “7” of the Jerman enhancement filter, the parameter
that controls response uniformity. The variation of this
distance makes it possible to highlight the nature of the
texture and thus makes it possible to filter the “bottom” of
the image to reveal only the defects. These images’ original
inputs (Figure 9) are composed of a background noised
uniformly with fault lines of different widths and with
different orientations. The tests carried out consisted in
varying the distance 7 from 0.5 to 4 of the Jerman en-
hancement filter. The following images show the values of
the proposed method according to the distance 7. In both
cases, the defects are perfectly detected. For a distance 7
equal to 4 or higher, the noise has practically disappeared.

These tests, on different types of images, show very good
results obtained by our method, provided to correctly choose
the parameters including the distance 7 which allows as-
similating the nature of the texture.

In the experiment (Figure 10),three detection methods are
performed: (b) the LPE [32], (¢) Frangi filter, and (d) the
proposed robust detection using an effective detection al-
gorithm using discrete wavelet (2D-DWT) with “db8” and
two-level sub-band decomposition and Jerman enhancement
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FIGURE 8: Preprocessing steps: (a) original image; (b) application of the adjust and DWT; (c) application of the Jerman Filter; (d) application
of the proposed method.

Input image

FIGURE 9: Results of the proposed method according to “” of the parameter that controls response uniformity.

filter. The proposed method aims to eliminate noise and
enhance the visibility of cracks in road surface using different
parameter of the control response uniformity 7.

LPE: the watershed is the image segmentation tool of
mathematical morphology. It has also been studied by
Digabel and Lantuéjoul [33] for binary data and then by
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proposed method

Figure 10: Comparison of results with different methods of detection.

Beucher and Lantuéjoul [34] for grayscale image segmen-
tation purposes. The principle of this algorithm is to con-
sider the image as a topographic relief where the luminosity
value of each pixel corresponds to a physical elevation. The
dark pixels and the light pixels in the roadway image cor-
respond successively to the valleys and hills in the topo-
graphic relief [32].

The morphological transformation by LPE then consists
in dividing this topographic surface into different basins
separated by watershed (LPE) calls for the principle of
immersion. The basic idea is to pierce the relief at the level of
the capture basins and gradually submerge it in water. At the
end of this process, once two retention basins meet, a dam is
created to separate them. All of these dams form the wa-
tershed (LPE).

3.1. Comparison of Methods. Five cracks detection ap-
proaches M1, M2, GC, FFA, and MPS are compared with the
proposed method. Figures 11-13 show the crack detection
results.

M1 [23] presents a Markovian segmentation preceded
by a preprocessing step based on 2D filtering according
to multiscale and in four directions to accentuate the
contrast. The end result of segmentation is the merging
of segmentation results at all levels.

M2 [20] is an improved variant of [23].

GC [21] is a geodesic contour process based on
detecting points of interest based on autocorrelation
and a geodesic contour for connecting the points.

FFA, free form anisotropy [22], is a method of cal-
culating the minimum paths of each pixel of the image
on a block of 30 pixels per side and in four preferred
orientations 0, 45, 90, and 135. Then, an anisotropy
factor per pixel is calculated from the paths obtained in
the previous step. This factor is established from the
value of the minimum cost path and the maximum cost
path. A large difference between these two values in-
dicates the high probability that the original pixel
belongs to a crack.

MPS [24]: this technique, based on a selection algo-
rithm shortest path (Dijkstra), has the effect of pro-
moting the connectivity between the crack pixels. It has
two main phases: a segmentation phase, which makes it
possible to identify the skeleton of the crack, and a
postprocessing phase, which consists in refining the
result of the segmentation and estimating the width of
the crack.

As Figures 11-13 illustrate, Marlow based methods M1
and M2 demonstrate results of high sensitivity toward the
image texture. On the other hand, while GC is evidently
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FiGure 11: Comparing different results generated by different methods of detecting the oblique cracks. M1, M2: 2 Markov-based ap-
proaches, M2 is an improved variant of M1; GC: geodesic contours based on points of interest detection; FFA: free form anisotropy based on
oriented minimal paths; MPS: minimal path selection and approach proposed in the paper.
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F1Gure 12: Comparing different results generated by different methods of detecting longitudinal crack.
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FIGURe 13: Comparing different results generated by different methods of detecting various crack.

dependent on determining the points of interest automat-  path of the crack is continuous; otherwise, the chaotic
ically, the synthetic image produced by this method is FN  pattern as well as the fine structure of the crack cannot be
due to the fact that this method detects many points of  detected by this method as a result of length and directional
interest but only on a small part of the crack. In contrast, the = constraints. This is clearly manifested in the change of di-
FFA method is capable of detecting the crack but only if the ~ rection which is missed on the right of the thicker crack.
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TaBLE 1: Confusion matrix.
Actual Predicted
Positive Negative
Positive TP (true positive) FP (false positive)
Negative FN (false negative) TN (true negative)

TP: true classification of cracks. FP: false classification of cracks. TN: true classification of noncracks. FN: false classification of noncracks.

Positives (P)

False Negatives (FN) —

True positives (TP)

- /é Accepted

7/
/
/
/ ﬁilse positives (FP)

FIGURE 14: Evaluation of the segmentations of the crack.
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M1, P=0.24, S = 0.54, DSC = 0.35
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Proposed method, P = 0.60, S = 0.99, DSC = 0.74

FFA, P=0.18,5=0.78, DSC = 0.29

MPSO0, P=0.53,§S=0.72, DSC = 0.61

FIGURE 15: Comparison of results with different methods of detection of the transversal crack.

3.2. Performances Evaluation. Consequently, there are four
events: two classifications and two misclassifications [35].
The classifications are the true positive (TP) where a pixel
is identified as cracks and the true negative (TN) where a
pixel is classified as noncracks, the false negative (FN) is
negative results in the pixel as cracks, and the false
positive (FP) is the positive results in subjects free from
cracks.

Table 1 presents the confusion matrix and makes it
possible to compare the results obtained by the classifier and
the expert.

Figure 14 presents the evaluation of the segmentations of
the crack: any pixel is classified each as noncracks or cracks;
the black line is a manual (or the ground truth) segmentation
and the red line is a proposed segmentation.

Equations (7) and (8) are used to measure the perfor-
mance metric.

False positives (FP) can be defined as the pixels inside
the cracks obtained by the proposed method, but
outside the ground truth:

|PUR| — |R]
=

FP
IR|

100. (7)

False negative (FN) can be defined as the pixels inside
the ground truth, but outside the obtained cracks by the
proposed method boundary normalized by the total
pixel of the ground truth cracks region.

|PUR| — [P
=——X

FN
IR|

100, (8)

with P(x, y) being the crack region result by the proposed
method; R(x, y) is the ground truth.
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In order to assess the performance of classification
systems, we have calculated five performance measures
which are as follows [36, 37]:

The performance parameters (AC, SE, SP, P, and DSC)
for cracks segmentation which are presented in equations
(6)-(10).

The accuracy (AC)

~ TP
"TP+TN+FP+FEN’

AC (9)

The sensitivity (S) is the coefficient which makes it
possible to detect the cracks pixels
TP

S=—"—"——. 10
TP +FN (10)

The specificity (SP) is the coefficient which makes it
possible to detect noncracked pixels

TN
SP=—"——. 11
TN + FP (1
The precision (P) [36, 37]
TP
P=—. 12
TP+ FP (12

The harmonic mean of precision DICE (DSC) is the
coefficient which varies between the best score which is
equal to 1 and the bad score which is equal to 0

2xTP

DSC = .
2xTP+FP+FN

(13)

The results confirm that the proposed method seems
better compared to the other methods. The results compared
are available from the following web page http://www.irit.fr/
Sylvie.Chambon.

At the level of performance, the proposed method seems
better compared to the first four methods. A deep analysis of
the result displayed at Figure 15 is evidence that the pro-
posed method detects cracks accurately regardless of the
form and thickness with 0.74 in terms of DSC value. Briefly,
GC manifests the lowest performance of the tested synthetic
image. FA, M1, and M2 provide intermediate results, and the
MPS methods also give good performance.

4. Conclusion

According different results, it is observed that the proposed
method robust detection using effective detection algo-
rithm using wavelet transform (2D-DWT) with “db8” and
two-level sub-band decomposition and Jerman enhance-
ment filter improves the visibility of cracks and reduces
noise on different types of images, showing very good
results obtained by our method, provided to correctly
choose the parameters including the distance of “ 7” of the
Jerman filter and choose the filter and the discrete wavelet
transform. The best results are obtained for =4 and “db8”
with level =2 [38-41].

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.
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