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Abstract

Image analysis methods are recently in use for asphalt pavement surface texture charac-
terization and analysis in terms of pavement friction performance assesment. These meth-
ods enable more detailed description of texture properties at both micro and macro texture
levels which are important for friction realization as they result in a digital representation
of pavement surface. In comparison to the traditional methods for texture characterization
which result in one characteristic texture parameter, methods that are based on digital im-
age analysis can yield more texture parameters describing both profile and spatial charac-
teristics of inspected surface texture. Previous application of image analysis methods for
pavement texture characterization showed that pavement texture and friction relationship
could be described more thoroughly by including texture parameters other than standard
mean texture depth and mean profile depth derived from traditional measuring procedures.
The possibility of texture data acquisition by means of digital images that can be further
processed and exploited for creation of a 3D digital pavement surface model is presented in
this paper. Aresearch was performed on selected pavements in use where orthographic pho-
togrammetry method was applied for texture data acquisition. Images were used for creation
of a 3D pavement surface model defined as a dense point cloud data with XYZ coordinates.
From the created 3D digital texture model, selected texture parameters were calculated and
compared to the frictional performance of the pavements determined for inspected surfaces
by using standard pendulum device.
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1 Introduction

Investigation of pavement surface characteristics responsible for skid resistance realization
represents an important aspect of pavement functional performance assessment in terms of
traffic safety. The main role in the development of frictional response of the pavement sur-
face-vehicle tire system plays the pavement surface texture. Two significant texture levels are
responsible for the friction force realization - pavement micro-texture and macro-texture [1].
Each of the levels governs the frictional response of the system differently, being responsible
for the development of either adhesion or hysteresis component of the friction force [2]. Mi-
cro-texture is mostly responsible for the friction realization at low-speed and macro-texture
governs frictional mechanisms at high-speed and it is especially significant when water is
present at the pavement surface. Table 1. shows the main characteristics of texture levels
important for the friction realization.

The determination of texture characteristics is well known and defined by international
standards and regulations describing the procedures for texture measurements and inter-
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pretation of the results [3]. Micro-texture is indirectly characterized by low-speed skid resist-
ance measurements and macro-texture is directly determined by either volumetric or profilo-
metric measurements. Research interest is mostly focused on determination of macro- level
of pavement texture and its effect on friction realization which stems from the traditional
measuring principles that resulted in a single macro-texture indicator that is correlated to the
frictional response of the surface. Numerous studies have been performed in order to estab-
lish the connection between pavement texture features and the measured friction coefficient
determined by traditional measurements. The results are limited due to the equipment used
and the local conditions of the performed measurement, so the established relations be-
tween texture and friction are not always straightforward [4].

Table1 Pavement texture levels responsible for friction realization

Texture  Wavelength Amplitude . Friction-related  Determination
Influencing factors
level range range property procedure
Aggregate properties: Indirect via
Micro- petrological and physical . low-speed
0-o0.5mm  uptoo.2mm > Adhesion L
texture properties and geometry friction
(shape and size) measurements
Asphalt mix propertl_es: Profilometric
aggregate type, mix and/or
gradation and distribution, R
Macro- 0.5—-50mm 0.2—-10mm  maximum aggregate size Hysteresis volumetric
texture 575 ' ssres ’ v contact and

binder type,
air voids content,
placement methods

non-contact
measurements

To overcome the limitations of traditional measuring methods, new methodologies for pave-
ment texture assessment are recently developing. They are based on digital image analysis
technologies that enable a more detailed description of pavement texture features. Texture
data acquisition is done by either a digital camera via photogrammetry techniques or by a
laser scanner capable of capturing the surface at a sufficient resolution for further analysis of
friction-related texture features. The “digitalization” of inspected pavement surface gives a
new perspective for the description of pavement surface properties. From the acquired digi-
tal images or from a surface scan a 3D digital pavement texture model can be reconstructed
and further analysed by means of both 2D and 3D texture features that can be related to the
friction realization [4-9]. There are several advantages of pavement texture analysis from the
digital texture models. Primarily it is the possibility to extract more surface features than from
the standard texture measurements. This enables better description of texture properties
which results in better understanding of their effect on the friction realization. In compari-
son to the measurement outputs from the traditional texture measurement methods, image
analysis methods enable the determination of 2D and 3D texture parameters of both texture
levels and further analysis of their influence on friction realization. A detailed overview of
image analysis methods applied for pavement texture characterization in terms of friction is
given in [10].

The goal of this study is to investigate the possibility of relating selected pavement texture
parameters calculated from the 3D digital surface model to the measured friction values.
The established methodology for pavement surface texture characterization in laboratory
conditions was tested for in-situ surface measurements [10]. For this purpose, three different
asphalt pavement surfaces were inspected in terms of skid resistance under dry conditions
and afterwards “digitalized” by using orthographic photogrammetry method for the creation
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of a 3D pavement surface model. From the digital pavement models, selected texture param-
eters were calculated and correlated to the measured skid resistance in order to determine if
they could indicate the frictional performance of the pavement surface.

2 Experimental procedure for pavement surface characterization
2.1 Selection and preparation of asphalt pavement surfaces

Three different asphalt pavement surfaces were investigated in terms of frictional perfor-
mance and texture characterization. The inspected surfaces were located on a light-trafficked
low-speed road. Authors do not have details on the asphalt mixture composition, age or
traffic load. From the visual inspection, Section 1 was categorized as the most homogenous
regarding the aggregate size and type, with uniform distribution of aggregate particles. It was
recognized as the smoothest one and without large asperities coming out from the surface.
Section 2 was quite different, with higher amount of significantly larger aggregate particles in
comparison to Section 1. The surface however, seemed quite polished and worn out. Section
3 was specific for aggregate type, which is different than the previous two. Larger particles
are darker in colour so they could be of eruptive rock origin. The size of the aggregate parti-
cles is similar to those from Section 1. This section seemed less polished than the previous
two.

The dimensions of inspected pavement sections were 35 cm by 45 cm. Prior to the measure-
ments, the selected surfaces were brushed to remove dust, sand particles and other debris
that could affect the measurement results. The measurements were taken under dry condi-
tions to exclude the effect of water film on the results. At each section, two centrally posi-
tioned smaller areas were selected where both skid resistance measurements and texture
data acquisition by orthographic photogrammetry method were performed. The size of these
smaller areas was approximately 20 cm x 20 ¢cm.

-y AT

Figure1 An example of analysed pavement section measured with SRT and photographed by orthographic
photogrammetry method

2.2 Skid resistance measurements

In order to analyse the frictional performance of the selected asphalt pavement surfaces,
skid resistance measurements were performed by Skid Resistance Tester with respect to the
relevant standard [11]. The SRT device is designed for the skidding simulation between the
vehicle tire and road surface for driving speed of approximately 50 km/h, where the meas-
ured skid resistance test (SRT) value indicates the skid resistance of the inspected surface. In
general, higher SRTvalues represent better frictional performance. As this device is designed
as a low-speed and stationary measuring equipment, it is considered to be an indirect meas-
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urement of the surface micro-texture. An example of the position of the pendulum device on
a measured surface section is presented in Figure 1. For each inspected surface, two consec-
utive measurements were performed on two central areas of the inspected surface, marked
in Figure 1. The sliding length was approximately 125 mm and the width of the pendulum
slider was 75 mm. The measurements were performed in the direction of the travel. For each
selected area, five consecutive SRT measurements were obtained.

2.3 Pavement texture characterization via orthographic photogrammetry

Pavement texture characterization was performed by using an advanced texture analysis
methodology that was previously established and tested for laboratory-produced asphalt
slabs and skid resistance measurements [10]. The image acquisition was performed by or-
thographic photogrammetry method, where digital images of pavement are taken orthog-
onally to the surface at approximately 20 cm height (Figure 2, left). Images were acquired
with Olympus OM-D E-M5 digital camera, with 12-50mm f/3.5-6.3 EZ lens. Each surface was
photographed in two sections corresponding to the areas measured with the pendulum test-
er. A reference frame dimensions 20 cm x 20 cm with nine targets was assembled in order
to acquire better accuracy of the model. A set of 25 overlapping images was taken for each
inspected surface. To exclude the effect of the reflectance caused by the sun, the inspected
surfaces were shadowed. The images are imported in Agisoft Metashape software, where 3D
models of inspected surfaces were generated (Figure 2, left).

i i

Figure 2 3D pavement surface model with camera overlapping views (left) and an example of resulting surface
profiles (right)

The inner frame with dimensions 15 cm x 15 cm was exported as a dense point cloud (DPC)
and further processed in CloudCompare software, where levelling and scaling of imported
data was performed to correspond to the real size of the inspected surfaces. For each sec-
tion, three surface profiles were extracted as a set of XZ coordinates further exploited for
the calculation of selected parameters (Figure 2). The length of each profile was 125 mm,
corresponding to the sliding length of SRT device, and profiles were extracted at a distance
that covers nearly whole sliding width. In this way, entire surface tested by SRT device was
observed in the texture analysis. Standard texture indicators mean profile depth MPD and
estimated texture depth ETD were calculated from the extracted profiles of digital texture
models with respect to the standard [3]. Furthermore, other texture indicators commonly
used for the texture profile description were also determined [12, 13]. These indicators are
average roughness Ra, peak to valley height Rm, root mean square roughness Rms, profile
asymmetry-skewness Rsk and profile flattening-kurtosis Rku.
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3 Results and discussion

The measured values of skid resistance and calculated texture parameters for the profiles
extracted are averaged and given as a single value for each analysed section, as given in
Table 2 and Figure 3.

Table 2 Average values of SRT measured at each section

Section no. 1.1 1.2 2.1 2.2 3.1 3.2

SRT[/] 87 83 89 85 85 90

8,000
6,000
4,000
2,000

2 1 22 3_1 3.2

1.1 1.2

sMPD mETD mRa[mm] mRm[mm] mRms[mm] mRsk[/] mRku [/]
Figure 3 Texture parameters values calculated for sections

The highest SRT values are recorded for sections 2_1and 3_2, which also have highest MPD
values. Correlation analysis resulted in a significant relationship between SRT and MPD val-
ues, but also indicated that other texture parameters, especially average roughness Ra and
peak to valley height Rt parameters, could describe the frictional performance of pavement
surface (Table 3).

Table 3 Correlation analysis — Pearson correlation coefficients

MPD Ra [mm] Rm [mm] Rms [mm] Rsk [/] Rku [/]

SRT 0,86 0,67 0,78 0,63 -0,58 -0,49

Linear regression analysis however, showed no significant results for texture parameters Ra,
Rt and Rms but only for MPD (Figure 4). This might be due to the small number of observa-
tions, butitalso indicates that frictional performance of a pavement surface and correspond-
ing texture parameters have to be investigated more thoroughly. Therefore, multiple regres-
sion analysis was performed resulting in generally higher R-square values for all inspected
variable combinations in comparison to linear regression analysis results. The best results
were obtained for the model including MPD, Ra and Rms texture parameters and SRT value
with very high R-square values, that showed to be statistically significant (Table 4)
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Table 4 Multiple regression analysis results

Analysed MPD, Ra MPD,Rm  MPD, Rms MPD, Rm, MPD, Ra, MPD, Ra,
parameters vs SRT vs SRT vs SRT Rms vs SRT Rm vs SRT Rms vs SRT

R-square 0,88 0,75 0,88 0,88 0,78 0,98
Adjusted

R-square 0,62 0,58 0,81 0,71 0,45 0,96

: . . . 0,18; 0,97; 0,34; 0,65;  0,02;0,08;

P-values 0,13; 0,54 0,28;0,70  0,04; 0,14 0.27 0.79 0.04

F-statistics 0,11 0,13 0,04 0,17 0,31 0,03

Figure 4. R-squared values for linear regression analysis of texture parameters vs. SRT values
The results obtained from the in-situ measurements of friction and texture on pavements in
use follow similar trend as the results obtained in laboratory conditions [10]. The statistical
significance for the in-situ dataset is even higher, which indicates the suitability of the de-
veloped methodology.

4 Conclusions

This study explored the possibility of in-situ application of established orthographic photo-
grammetry method for pavement texture data acquisition and analysis in terms of surface
frictional performance. The texture parameters calculated from the 3D texture model ob-
tained by the developed methodology correlate fairly with the measured friction expressed
as SRT values. Statistical analysis showed that better relationship is obtained when more
than one texture parameter is observed. What is interesting, the best results are achieved
when Rms parameter is considered in multiple regression, which showed the weakest corre-
lation coefficient and R-square value in linear regression analysis. In general, the best model
was obtained for MPD, Ra and Rms texture parameters. Other models achieved reasonably
high R-square values, but have no statistical significance. The results of the performed anal-
ysis showed that pavement texture-friction relationship should be analysed by observing
not only one measured texture parameter, and that advanced methods for pavement texture
characterization can yield a better insight into pavement friction phenomenon. On the basis
of the developed texture data acquisition methodology further research will include larger
dataset and determination of other texture parameters, including the spatial texture indica-
tors.
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