Mathematical Problems of Computer Science 45, 53--58, 2016.

Method for Analysis and Classification of Pavement Based
on Quality

Davit. G. Asatryan®, Gurgen H. Hakobyan?

YInstitute for Informatics and Automation Problems of NAS RA
2National Polytechnic University of Armenia
e-mail: dasat@ipia.sci.am, hakobyan.gurgen@yahoo.com

Abstract

The main objective of automated systems for pavement quality control is the
detection of cracks and other surface defects, as well as the analysis of their
corresponding parameters. On pavement areas the quality assessment is performed
based on video surveys, followed by image processing with the corresponding
mathematical methods.

In this paper, a method for classification of video survey frames from
pavement with and without cracks is proposed. Each frame is processed with
previously proposed methods of binarization and segmentation. As a result, two
classes are formed for classification experiments based on the proposed
procedures. The method of comparison with etalons is used, with application of
proximity measure based on structural properties of images.

On experimental data it is shown, that the proposed method of pavement
classification gives acceptable results (the average of classification inaccuracy is
about 26%).

Keywords: Pavement, Crack, Classification, Gradient magnitude, Weibull
distribution, Proximity measure.

1. Introduction

For execution of regular works of pavement quality control, inspections and monitoring are
essential. It will allow to have certain and updated information about deviations in pavement
quality, such as cracks, potholes, roughness and other types of deviations from predefined
criterion, which inevitably occur during road exploitation. Depending on the type of the road
and the rank of the observed pavement quality, corresponding works for collecting and
processing information may be performed either manually or by using automated systems, which
contain special sensors, high-speed cameras and other devices. Manual surveys and processing
of information require more time and financial expenses, they may be dangerous for surveyors
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on active roads, also, there can be issues about objectivity of processing and achieved results [1].
Therefore, in scientific literature the problem of automated analysis and pavement type
classification is actual.

During last decades, more attention is paid to analysis methods of pavement quality, which
is based on techniques of computer vision and image processing. But a universal method for
analysis and assessment of pavement important parameters does not exist. Thus, the methods for
solutions of this problem, which are proposed on literature are limited to certain, quite specific
situations, which, however, are also many.

In literature, a number of difficulties of automated crack detection are noted, which are
related to low contrast difference between crack and background, intensity heterogeneity of
crack itself, presence of shading, pollution and other types of artifacts [2, 3]. The most common
method of crack detection uses methods of binarization, followed by analysis of the resulted
image.

In [4] a method of binarization and segmentation is proposed, which allows to distinguish
forms of cracks, presented on the image alongside with background of artifacts.

The visual comparison of images containing or not containing cracks, shows that there are
significant statistical properties of parameters of these images, which allow to separate them into
two types (classes) of situations. Therefore, a procedure of classification can be developed,
which, during automated pavement quality monitoring, can distinguish frames, which contain or
do not contain cracks.

This paper is dedicated to a simple method of classification, which is based on the usage of
image structural properties, which are related to various behaviors of gradient fields of two types
of examined images. To solve this problem, we followed the method of classification [5], which
is applied to textured images. The reason for it is the possibility of considering images with
cracks as textures.

As it is known, texture classification is one of the important areas of image processing,
computer vision and their applications. The goal of classification is to set the unknown sample to
one of the predefined classes. Usually, the class of objects is defined by an array of images,
which were selected by a certain content based on formal features. The solution to this problem
requires to set (or to find an appropriate) description (descriptor) and proximity measure of
images, which correspond to this description.

As stated above, suitable description of pavement images may be the distribution of segment
sizes, which may be counted with the method described in [4].

2. Method for Pavement Type Classification

Following [5], we consider images, the structure of which may be characterized by the aggregate
of edges and borders contained inside the image. Most procedures working with these types of
structures, use descriptors, which use specific properties of gradient field of the image. In [5] a
method for proximity measure of two images is proposed

W2 = min(,,n,)min(c,,o0,)
max(1,,17,) max(o,,0,)
where the parameters n; and o; are statistical estimates of parameters of Weibull distribution
f(x; n,0), which describe the gradient magnitude of the examined images.

Proposed classification procedure is based on the method of comparison with etalons and
contains the following steps:

0<W?<1, (1)
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Step 1. For each image from training and testing samples, Weibull distribution parameters
M and o are assessed;

Step 2. The mean values of n, and o; are counted from parameter estimates nAi and cAi

for two specified classes by the corresponding items from the training samples. These values are
stored as etalons for the next comparison with testing samples with them. Also, mean values of

W ? are counted and standard deviation s, of proximity measure W * over all pairs of samples

inside each class. These values are used during assessment of proximity measure inside each
class of training models.

Step 3. According to (1), for each testing sample the proximity measure is counted with each
etalon. Belonging of sample to one of the two classes is determined by the highest value of
proximity measure.

3. Experimental Results

Experiments were made to test effectiveness of the proposed method of classification between
two types of pavement. Classification is done for classes, containing images with only artifacts
or with cracks. These images were chosen manually by means of visual analysis of frames from
video sequence, collected from real road with bad quality. 40 objects were included each inside
each class, where 21 objects were chosen by random rule and used for training, and the rest for
testing.

Inside the class of images with cracks were included images with various types of cracks,
such as, longitudinal, transverse, block, alligator etc. [6], and in the class without cracks - images
not containing any obvious defects.
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Fig 1. Estimated parameters distribution of training samples.
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Described method was applied to the corresponding samples of images with results of
binarization and segmentation. Parameters M and o of Weibull distribution were estimated by
the method of moments with data of gradient magnitude for each sample, which was counted by
using of Sobel operator [7].

Figure 1 represents the scatters of specified estimates of training samples of two classes. It's

visible, that classes with and without cracks are quite clearly separated from each other.
Table 1 contains the etalon values of 1, and o; for training samples with two classes (with and

without cracks), w2 and standard deviations s, of values of proximity measure inside each
class.

Table 1. Parameters of training samples.

Classes N n i W 2 S
Without cracks 21 80,40 0,56 0,50 0,284
With cracks 21 37,75 0,44 0,52 0,268

Following the described method a classification was made from testing samples, consisting
from the half of classes. Results are shown in Table 2. In the first row with class name, the
quantities of values of testing images are shown, which were set to each class using the
described classification procedure. It's visible, that classification was performed well enough,
as the results of inaccuracy percents authenticate in Table 2.

Table 2. Classification inaccuracy distribution by classes.

Classes Without cracks With cracks Percent of inaccuracy
Without cracks 15 4 21,0
With cracks 6 13 31,6

4. Conclusion

For effective defect detection from pavement surface, it is advisable to apply methods of
processing, which use structural properties of images by each frame of video survey, alongside
with the known methods of data classification. Proposed procedure of analysis and classification
of pavement surface by quality allows to confidently distinguish frames from video survey
containing or not containing defects of certain type. This procedure may be included in
automated systems of pavement surface quality monitoring.
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MeToa aHAIU3A U KJIACCH(PUKAUU MMOBEPXHOCTH TOPOKHOTO
MOKPBITUS M0 KAYECTBY

M. Acatpsn, I'. AkonsH
AHHOTANUA

B aBrOMaTM3MpOBAaHHBIX CUCTEMAX KOHTPOJIA KauecTBa JOPOKHbIX MOKpeITuid (JI1)
OCHOBHOM 3ajauell SBJISETCS BBISBICHHE TPEHIMH U JIPYIHX Je(EeKTOB MOBEPXHOCTH, a
TaK)K€ aHaJlM3 UX COOTBETCTBYIOIIMX MapaMeTpoB. [ OLEHKM KadecTBa MPOU3BOIATCS
BHJICOCHEMKH KOHTPOJUpPYeMbIX ydacTkoB JII1 ¢ mocnmeayrommm aHann3oM U300pakeHHUI
COOTBETCTBYIOIIMMU MaTEMaTHYECKUMU METOJAMHU.

B mnacrosmeit pabote mpeanaraercs mpoueaypa KiaccuUKalUA - KaApOB
n300pakeHU BHJICOCHEMKH, COJACpXKAIIMX WIM He coaepkamux Tpemuusl  JII1.
Bommonusiercs uHauBuAyanbHas o0paboTKa KaXJIOTo Kajapa B COOTBETCTBHUHM C
NPEUIOKEHHONW paHee METOAMKOW OWHApHU3alMud M CerMEHTAllUU, B PE3YyJIbTaTe 4Yero
oOpa3yloTcsi J1Ba Kjlacca o0Opa3loB Ui HUCIBITAHUS MpeajgareMoil  mporenypsl
knaccuukanuu. Vcnonp3yercss METoJl CpaBHEHHsI C 3TAJIOHOM C MPHUMEHEHHEM MEphI
0JIN30CTH, OCHOBAaHHOM Ha CTPYKTYPHBIX CBOMCTBAX H300pa)KEHUH.

Ha »skcnepuMmeHTallbHOM Marepuaie I0Ka3aHO, 4YTO NPEUIOKEHHAs HpolLeaypa
kinaccudukanuu [I1 maer mpuemiemsie pe3ynbTaThl (OMMOKa KiIacCU(PUKAIUKA B CPETHEM
COCTaBJIET OK0JIO 26%.).



