Hoang Nhat Duc / Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan 02(45) (2021) 3-9 3

TAP CHI KHOA HOC & CONG NGHE DAL HQC DUY TAN TRUONG PAI HOC DUY TAN

DTU Journal of Science and Technology 02(45) (2021) 3-9

DUYTAN UNIVERSITY

Image processing based concrete crack classification using Logistic
Regression model

Phén loai vét nut trén cdu kién bé tong sir dung ky thuat xir Iy anh va mé hinh hoi quy
16-git-tic

Hoang Nhat Duc®""
Hoang Nhat Duc®?”

anstitute of Research and Development, Duy Tan University, Da Nang, 550000, Vietnam
aVién Nghién ciru va Phét trién Cong nghé Cao, Pai hoc Duy Téin, Pa Ning, Viét Nam
®Faculty of Civil Engineering, Duy Tan University, Da Nang, 550000, Vietnam
bKhoa Xay dung, Trwong Pai hoc Duy Tan, Pa Néng, Viét Nam

(Ngay nhdn bai: 10/11/2020, ngay phdn bién xong: 21/12/2020, ngay chép nhdn dang: 20/02/2021)

Abstract

Computer vision models have been proven to be productive as well as effective for concrete crack detection. This study
develops an alternative model based on image edge detection, projection integral, and logistic regression approaches for
recognizing and categorizing cracks on concrete surface. The integrated model has been developed using Visual
C#.NET and tested with 200 real-world image samples. Experimental results point out that the new model has attained a
good predictive performance with a classification accuracy of 92.5%.
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Tom tat

Céac md hinh thi giac may tinh da dugc ching to 1a nhitng phuong phap hiéu qua cho viéc phat hién vét nurt trén bé mat
bé tong. Nghién ctru nay cia chiing t6i phat trién mot mé hinh dya trén cac k¥ thuét phat hién canh trén anh, téng hinh
chiéu d¢ sang, va phan tich hdi quy lo-git-tic. M6 hinh méi duge xay dung véi ngdn ngit Visual C# NET va dugc kiém
chirmg boi 200 miu anh thyc té. Két qua nghién ciru chi ra raing mé hinh nay dat dugc két qua phén loai vét niit tot, véi
do chinh xac 1a 92.5%.

Tir khéa: Thi giac may tinh; Phat hién vét nit; Phat hién canh; Tong hinh chiéu d6 sang; Phan tich hdi quy Lo-git-tic.

1. Introduction

Large concrete structures with considerable
surface areas are widely encountered in high-
rise buildings, retaining walls, bridges, etc [1,
2]. Because of the combined effects of aging,
intensive usage, and inclement climate

conditions, their structural heath deteriorates
over time. Therefore, maintaining an acceptable
level of integrity of these structures is a crucial
task for civil engineers [3]. To fulfill this task,
civil engineers need to be well informed about
the current status of concrete structures.
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Therefore, periodic condition survey based on
visual inspection is very important to provide

civil engineers with accurate and timely
information regarding the structural heath
condition.

Based on literature review, a considerable
number of previous works have dedicated in
computer vision based crack detection for
concrete structures [3-9]. It is because cracks
are a major concern when considering the
safety, durability, and serviceability of
reinforced concrete structures. Another reason
Is that computer vision is a means to improve
the productivity of the surveying process and to
eliminate subjective judgment of human
technicians [10]. Timely identification of
surface cracks is a crucial step in structure
diagnosis and  remediation.  Information
regarding cracks (e.g. position, types, etc.)
provides helpful data for civil engineers to
analyze and prevent potential structure failures.

This study develops an alternative computer
vision based approach for crack detection
relying on image processing techniques of edge
detection and projection integral. In addition,
the logistic regression training with the state-of-
the-art adaptive moment estimation (Adam) is
used for crack pattern recognition.

2. Research method

2.1 Canny edge detection approach

Given an image sample, the first task of
crack recognition is to highlight crack patterns.
To do so, this study relies on the Canny edge
detection approach proposed by Canny [11].
This is a multi-step algorithm for edge
detection [12]. In the first step, a Gaussian
convolution is applied to the image sample. The
employed Gaussian filter is given by [5]:

g(m,n) =G_(m,n)*f(m,n) o)

2 2

where G, = ! exp(— m +2n ) .mandm
\27o? 20
denotes pixel locations. (2

In the second step, the gradient of g(m,n)
using a certain gradient operator (e.g. Sobel)
can be applied as follows:

Ona (M) =Go M)+ (M) o

2.2. Projection Integral (PI)
Pl is an effective method for recognizing

shape and texture [13-16]. This image
processing approach has been widely used in
computer vision based structure health

monitoring [17-19]. Given an image I(x,y), the
horizontal Pl (HP) and vertical Pl (VP) given

by:
HP(y) = 1(i,y) 4)

IEXy

VP(x)= 2 1(x ) 5)
JE€Yx
where HP and VP denote the horizontal and
vertical Pls, respectively; xy and yx are the set of
horizontal pixels at the vertical pixel y and the
set of vertical pixels at the horizontal pixel x,
respectively.

It is noted that the HP and VP are helpful for
recognizing longitudinal crack and transverse
crack. A longitudinal crack case and a
transverse crack case typically feature one peak
of intensity in VP and HP, respectively [20].
Moreover, as shown in [18], diagonal
projections (DP) with +45° and -45° can also be
computed to enhance the discriminative power
of the extracted feature set.

2.3. Logistic Regression model

A LR model can be used to construct a
classification model that assigns data samples
to two prespecified categories of 0 and 1. This
classifier is relatively simple to program and its
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model structure is also easily comprehensible
[21-23]. The class output of a LR model (y) is
denoted as 1 for a positive class and 0 for a
negative class. A vector of feature is expressed
as X =Xy, Xy, Xip Where D denotes the
number of the features used for classification
[24]. 6=6,,6,,0,,..,6, denotes the model
parameters.

Given a feature vector xi, a LR model
calculates  h,(x;) which  represents  the
probability of the positive class output. h,(X;)
Is computed as follows [24, 25]:

1
1+exp(-7,)
_ 1
1+exp(-6"x)

h, (%) =h, (X, X0 ey Xip ) =
(6)

.
=6, +60 X, +0,X,+...+ O Xp =0 %

where "l

a(n,) = _ denotes the logistic
1+exp(-7;)
function; its derivative is given by [26]:
9'(7)=907)<QA-9(m)) ()

3. Experimental results

To test the capability the computer vision
based model for recognizing concrete crack
patterns, this study has collected image samples
from high-rise buildings in Da Nang city
(Vietnam). All of the image samples with their
ground truth status of transverse crack and
longitudinal crack have been assigned by
human inspectors. The image size is set to be
64x64 pixels to facilitate the computing
process. For each class label of concrete crack,
100 image samples have been collected.
Therefore, the image dataset includes of 200
samples. The collected image dataset is
demonstrated in Fig. 1.
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Fig. 1 Image samples: (a) Transverse crack and (b) Longitudinal crack
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Fig. 2 Image processing results for an image sample containing a transverse crack
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Fig. 3 Image processing results for an image sample containing a longitudinal crack
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Fig. 4 Projection integrals of an image sample containing a transverse crack
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Fig. 5 Projection integrals of an image sample containing a longitudinal crack

For each image sample, the Canny edge
detection approach is first used to process the
image and highlight edges (refer to Fig. 2 and
Fig. 3). Subsequently, the PI technique is used
to extract numerical features (refer to Fig. 4 and
Fig. 5). Moreover, to standardize the input
feature, the numerical features are normalized
by the Z-score equation [27]. To evaluate the
LR based classifier, Classification Accuracy
Rate (CAR), true positive rate TPR (the
percentage of positive instances correctly
classified), false positive rate FPR (the
percentage of negative instances misclassified),
false negative rate FNR (the percentage of

positive instances misclassified), and true
negative rate TNR (the percentage of negative
instances correctly classified) are also widely
used [28]. Based on the outcomes of the TP,
FP, and FN, the Precision and Recall can also
be computed to express the model predictive
capability [29, 30].

Moreover, to automatically implement the
LR model, a software program has been
developed in .NET framework 4.6.2. The
Graphical user interface (GUI) of the software
program is shown in Fig. 6. It is noted that the
Adaptive Moment Estimation (Adam) has been
used to train the LR model used for crack
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pattern recognition [31-33]. The model
classification results are reported in Table 1
which shows the outcomes of the training and
testing phases. It is noted that 90% of the
collected has been used for model training. The

rest of the data is used for model testing. As
reported in Table 1, the developed model
has achieved a good predictive accuracy with
CAR =92.50% and F1 score = 0.93.

85 Logistic Regression Classifier — O *
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Fig. 6 The Logistic Regression Classification program

Table 1. Experimental results

Phases Index CAR (%) TP TN FP  FN Precision Recall NPV F1 Score
Training Mean  99.72  89.50 90.00 0.15 0.35 1.00 1.00 1.00 1.00
Std. 0.37 183 173 036 0.65 0.00 001 0.01 0.0
Testing Mean  92.50 965 885 0.70 080  0.93 093 0.92 0.93
Std. 5.36 182 180 056 098 0.06 009 010 0.5
4. Conclusion [2] H. S. Munawar, "Image and Video Processing for

Crack detection is a crucial task in periodic
structure health survey. This study investigates
the capability of a computer vision based model
for enhancing the productivity of the periodic
structure health survey process. The model is
constructed by an integration of the Canny edge
detection, PI, and LR classification approaches.
Experimental results with real-world image
samples demonstrate the potential of the model
developed in this study.
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