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Abstract

The emerging Imm resolution 3D data collection technology is
capable of covering the entire pavement surface, and provides
more data sets than traditional line-of-sight data collection
systems. As a result, quantifying the impact of sample size
including sample width and sample length on the calculation
of pavement texture indicators is becoming possible. In this
study, Imm 3D texture data are collected and processed at
seven test sites using the PaveVision3D Ultra system. Analysis
of Variance (ANOVA) test and linear regression models are
developed to investigate various sample length and width on
the calculation of three widely used texture indicators: Mean
Profile Depth (MPD), Mean Texture Depth (MTD) and Power
Spectra Density (PSD). Since the current ASTM standards
and other procedures cannot be directly applied to 3D surface
for production due to a lack of definitions, the results from
this research are beneficial in the process to standardize
texture indicators’ computations with Imm 3D surface data
of pavements.
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1 Introduction

The primary function of a pavement is to provide safety and
smoothness for the traveling public. Several studies indicate
that these functional characteristics are highly associated with
pavement texture properties (Ergun and Agar, 2010; Flintsch et
al., Li and Wang, 2016; Torbruegge and Wies, 2015; Meegoda
and Gao, 2015). Pavement surface texture is defined as the
deviation of the pavement surface from a true planar surface or
an ideal shape (ASTM E867, 2012). These deviations occur at
several distinct levels of scale, each defined by wavelength ()
(Hall et al., 2006), such as micro-texture ( A < 0.5mm), macro-
texture (0.5 <A <50mm), mega-texture (50 <A < 500mm), and
roughness or unevenness ( A > 500mm) (ISO Standard 13473;
1997; Sengoz et al., 2012).

It is widely recognized that pavement surface texture
influences pavement-tire interactions. Skid resistance on a road
surface is affected by both micro-texture and macro-texture
(Li and Wang, 2016; Torbruegge and Wies, 2015; Meegoda
and Gao, 2015; Hall et al., 2006), and wet pavement friction
is primarily affected by macro-texture (Ergun and Agar, 2010;
Luo et al., 2014). In the past decades, several indicators have
been proposed and used to characterize the pavement surface
texture, such as Mean Profile Depth (MPD), Mean Texture
Depth (MTD), Hessian Model, and Power Spectral Density
(PSD) (Wang et al., 2012; Abbas et al., ASTM E2157-15, 2015;
ASTM E1845-15, 2015; ASTM E965-15, 2015; Luo et al.,
2016; Gendy and Shalaby, 2007; Sayers and Karamihas, 1996;
ASME B46.1, 2009). However, these research efforts did not
address the impact of sample size (sample length and width)
on the calculation of these indicators since the traditional data
collection systems were used in the past practices.

The objective of this paper is to investigate the impacts of
sample widths and lengths on the computation of texture indicators
using data collected from the emerging 1mm resolution 3D data
collection technology. The following tasks are conducted: (1)
to extract the height or depth values and repair invalid readings
from the Imm 3D raw data; (2) to utilize image processing
techniques to eliminate unwanted wavelengths; (3) to calculate
texture indicators in spatial domain (e.g. MPD and MTD) and
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in frequency domain (e.g. PSD), at various sample lengths or
widths; and (4) to investigate the impacts of sample size on
the calculation of these texture indicators based on Analysis of
Variance (ANOVA) test and linear regression methods.

2 Texture Data Acquisition System
2.1 Digital Highway Data Vehicle (DHDV)

DHDV, developed by the WayLink Systems Corporation
with collaborations from the University of Arkansas and
the Oklahoma State University, has been evolved into the
sophisticated system to conduct full lane 2D/3D data collec-
tion on roadways at highway speed up to 100 km/h with the
PaveVision3D sensors. DHDV is a real-time multi-functional
system for roadway data acquisition and analysis, particularly
for pavement surface distress survey, roughness- and safety-re-
lated pavement performance evaluation (Wang et al., 2008).

With the latest PaveVision3D Ultra (3D Ultra in short), the
resolution of surface texture data in vertical direction is about
0.3 mm and in the longitudinal direction is approximately 1 mm
at 100 km/h data collection speed. Fig. 1 (a) shows the exterior
appearance. Fig. 1 (b) shows rear view of the DHDV equipped
with the 3D Ultra technology. With the high power line laser pro-
jection system and custom optic filters, DHDV can work at high-
way speed during day-time and night-time and maintain image
quality and consistency. 3D Ultra is the latest imaging sensor
technology that is able to acquire both 2D and 3D laser imaging
data from pavement surface through two separate left and right
sensors. The camera and laser working principle is shown in Fig.
1 (c). By illuminating a surface using a line laser and shooting 3D
images using the 3D cameras, the surface variation in the verti-
cal direction can be captured with the triangulation principle that
determines the distance from the camera to the pavement based
on the laser point (e.g. P1 or P2). Examples of 3D pavement sur-
face image width detailed features are illustrated in Fig. 2.

Camera

(O]

Fig. 1 Photographs of (a) DHDV exterior appearance (b) DHDV rear view
with PaveVision3D sensors; (c¢) Pavevision3D working principle

2.2 Test Sites

Seven pavement sites located in Fayetteville Arkansas are
tested to investigate the impacts of sample size on the compu-
tation of texture indicators in this study. Three PCC pavements
and four AC pavements are included. For each test site, the
section length, GPS coordinates, the number of Imm raw 3D
images collected, surface type and pavement condition rating
are described in Table 1.

Fig. 2 Examples of Imm 3D pavement surface image with texture details.

Table 1 Summary of seven test sites for AC and PCC pavements

ID  Surface Type Length (m) Condition # of Images
1 AC (Dense-graded) 643.74 Fair 1139

2 AC (Dense-graded) 611.55 Poor 1072

3 AC (Open-graded) 547.18 Good 956

4 AC (Dense-graded) 514.99 Good 897

5 PCC (Burlap dragged)  225.31 Fair 85

6 PCC (Tined texture) 241.40 Fair 38

7 PCC (Tined texture) 257.49 Poor 58

3 Surface Texture Indicators
3.1 Mean Profile Depth (MPD)

MPD is a widely accepted and used texture indicator. It
is defined as the average of all mean segment depths of all
segments of the profile. The computation of MPD is described
as follows (ASTM E1845-15, 2015): 1) the measured profile
is divided into different segments having a length of 100+2
mm; 2) the segment is divided into two equal halves and the
height of the highest peak in each half segment is determined;
3) the average of these two peak heights minus the average of
all heights is the Mean Segment Depth (MSD); 4) the average
value of the mean segment depths for all segments making up
the measured profile is reported as the MPD, as shown in Fig. 3.

let Peak Znd Peak

MSD{1st) MED (2nd)

Average Level
—_—

Second half of base line

First half of baze line
Base Line

Fig. 3 A general procedure for MPD Calculation

3.2 Mean Texture Depth (SMTD)

MTD represents a 3D surface characteristic since it is
obtained by simulating volumetric measuring technique such
as the sand path method (ASTM E965-15, 2015). Typically,
MTD can be either measured in the field or converted from
MPD under 2D environments.
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In this paper, the MTD computation is based on 3D texture
image with 1mm resolution. Assuming each sample is divided
into K small grids and each grid has a size of N X M mm, the
MTD of the entire sample is the average of the MTDs com-
puted at each grid, as described in (1)

N

K ZZ[FO F(x, y)

1 =
MTD = Z::‘ Ly

)

Where: F{(x,y)- the pixel depth at point (x, y), D - the integral
or gridded area consisting of M x N pixels, /- the maximum
peak in each area D; K- the number of grids within the test
sample.

3.3 Power Spectra Density (PSD)

PSD is a statistical representation of the importance of
various wave numbers in the frequency domain (Sayers and
Karamihas, 1996). Typically two methods are widely used to
compute PSD for road profiles: one based on autocorrelation
function; the other based on Fourier Transform (Abbas et al.,
2007). In this research the second method is used. Typically,
Fourier Transform can be mathematically expressed as (2).

N-1M-1 _iog[ fm In
F(kD)=3 S f(mn)e i) @)
i=0 j=0

Where N and M represent the image size, f (m, n) is the inten-
sity value at pixel (m, n); F (k, 1) is the transformed amplitude
at frequency (k, 1) or wave number (k, 1).

PSD amplitude at each single frequency can be computed by
(3), and the average of the sum of amplitudes over different fre-
quencies is used to represent the averaged PSD in the sample.

PSD ], |Re J.k |2+|Im(j,k)|2. 3)

Where j and k represent the coordinates of wave number in
Fourier image, the Re(j, k) represents the real part of a complex
variable in u and v directions in frequency domain, and the
Im(j, k) represents the imaginary part of this complex.

4 Data Pre-Processing
4.1 Sample Preparation

Currently there is no consensus on the wheel path locations
for surface texture characterization (Sayers and Karamihas,
1996). It should be noted that pavement surface texture of
interest is primarily concentrated at the contact areas between
pavement surface and vehicle tires. In this paper the contact
area with a width of 256 mm is used as the wheel-path to
perform texture analysis.

The size of each image is approximately 2048mm in width by
512mm in length. The Imm 3D raw images are used as the basic
elements to constitute a sample. Afterwards, data processing

and analysis is conducted on each sample. To investigate the
effects of sample size on the calculation of texture indicators,
five different sample lengths and five different sample widths
are examined. At each test site, the calculation of each texture
indicator is based on various sample lengths or widths, as
illustrated in Table 2.

Table 2 Sample lengths and widths for the calculation of texture indicators

Test #ofraw  Sample Sample widths (mm)
D images lengths (m) 256 64 16 4 1
1 1 0.5 X
2 2 1 X

Not included
3 4 2 X
4 8 4 x
5 16 8 X X x X X

4.2 Invalid Data Repair

Due to illumination unevenness and noise in laser optics, there
are small percentages of 3D data points that have unusually high
values or zero values. These invalid pixels or readings are not
actual representations of the pavement surface texture; thereby
they should be repaired with image processing techniques.

In this study the neighbourhood averaging method is used.
This method generally includes (1) a neighbourhood centered
at the invalid reading, and (2) a predefined mask with identical
or distinct weight values for each pixel. A new pixel value with
coordinates is obtained by convolving the predefined weight
mask with the neighbourhood centered at the invalid reading.
Afterwards, the invalid reading is repaired by replacing it with
the new obtained pixel value.

For instance, at any invalid point, f(x,)), in the image,
the response, g(x,y), is the sum of products of the mask
coefficients, w(s,f), and their corresponding neighbourhood
image pixels, f{x +s,y +{), divided by the sum of the mask
coefficients, N, as shown in (4).

“4)

f(x+s,y+1).

4.3 Band Pass Filter

Band pass filter is employed to accept frequencies within
a range and to reject frequencies outside of that range. In
this research, the filter bands are determined based on three
factors: ASTM standard, the macrotexture definition, and the
raw image resolution. Based on ASTM Standard, the band
ranged from 10 to 400 cycle/m should be utilized to compute
the MPD (ASTM E1845-15, 2015). The wave number of
interest for PSD mainly concentrate between 20 and 500
cycle/m according to the macrotexture definition (20 to 2000
cycle/m) and the Nyquist sampling theorem (<500 cycle/m)
(Hall et al., 2006; Sayers and Karamihas, 1996).
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The Butterworth filter is used to eliminate the unwanted
wavelenghts, as defined in (5) (Gauch, 2010):

1

1+{2(D(”»V)—Dﬂ)r.

DH _DL

H(u,v) = Q)

Where H(u, v) represents the response or gain; D, is cut-off fre-
quency for low pass filter; D,, is cut-off frequency for high pass
filter; n is the order of Butterworth filter (n=2); D(u,v) is the
distance from a point (u, v) to the origin, as shown in (6).

(6)

Where N and M represent the width and height of the image.

Fig. 4 shows the example of band pass filter to eliminate
unwanted wavelengths. Note that wave numbers between fl
and f2 are unchanged. There is a gradual discontinuity between
passed and rejected frequencies or wave number. However, the
frequencies are completely suppressed for outside the band
ranges in Fourier image.

Frequenc
Yy

f2

0 f1

Fig. 4 Schematic for Butterworth band pass filter

4.4 Software Interface

To explore the impacts of sample size on the calculation
of texture indicators, the user-friendly interface software was
developed, as given in Fig. 5. Through opening the database
file, the image quantity contained in the data collection is
loaded into this software, and simultanecously the section
length are recorded in meters or feet. Afterwards, the sample
widths and lengths can be customized through the edit boxes
embedded into the software, and the section beginning location
and section length of concern can be trimmed by specifying
the initial image ID and the number of samples that intends
to be processed. Upon making all these parameters ready, the
“Process” is clicked to calculate texture indicators of interest by
checking the options in the check boxes. Once the processing is
completed, the outputs can be displayed in the list control and
exported into the specified storage device drives.

A Texana -
Input Growp - T
= J Image Quanity: | 169 Lane Width: (mem)
ot sl LS Length: [86,528  mor[283.835 ft 0%
Sample Length

I
|
Il MGID: |3 s:[zs = |
Samping Somple Length: [1029 mm Pog— I
= of Sampie to be Processed: | 1 Efuie —_— — ]
Calh. Conff
Vertil: | 3.092 Longl.L: | 1.11798
vertiR:[T092  LongiR: [T 11758

pase |

Band Fiter
Low: | 400
O

[ process |

QOutputs
WML ¥ MID ¥ RMS [ aPSD ¥ RMS of Surface Slope
W Skewness ¥ Kirtosis ¥ PSD ¥ Average Reugness

ExportTokx | concel |

SAMP_ID | SAMP_SIZE | MG RANGE | WD |MTD | RMs | AR RMSSS | SKE... | KLRT... | PSD__ | APSD
i 1024X10  3-4 L616 1938 0.608 0.619 1397 5.1% 1158 28.64 58

Fig. 5 Screenshots of software interface

5 Results and Analyses

After invalid data are repaired using neighbourhood
averaging approach and unwanted wavelengths are filtered out
with Butterworth band pass filter, various sample widths and
lengths are investigated to study the impacts of sample size on
the computation of texture indicators. For instance, MPD-Lm
represents that MPD is calculated based on a sample with a
length of m raw images, and the MPD-Wn represents MPD is
calculated from a sample with a width of n millimeters. Similar
name conventions are used for the MTD and PSD calculations.

To explore the impacts of sample lengths on MPD
computation, five different sample lengths (MPD-L1, MPD-
L2, MPD-L4, MPD-L8, and MPD-L16) with the same sample
width (256) mm are tested. In this paper, MPD-L16 is selected
as the reference sample, and the sample with a length less
than 16 raw images is compared to the reference. Because the
reference sample may cover several comparison samples in
image quantity, the MPDs calculated from comparison samples
should be transformed into the form that can be comparable
with the reference sample, as shown in (7).

i*N
Tranformed MPD (L16) = li x MPD, (Ln)
J=(i-1)*N+1

(7

Where i represents the i reference sample; j represents the
j™ comparison sample; n is the number of raw images contained
in the comparison sample (n= 1, 2, 4, or 8); N is the number
of comparison samples within a reference sample (16 images).

For instance, assuming one data collection consists of 16
raw images, which includes one (16/16) reference sample, or
8 (16/2) comparison samples if a sample length of two raw
images is used. The transformed MPD-L16 can be computed as
the mean of the sum of the adjacent eight MPD-L2s, as shown
in Fig. 6. The same approach is used for the computation of the
transformed MTD-L16 and PSD-L16.

Similarly, to explore the impacts of sample widths on MPD
computation, five different sample widths (MPD-W1, MPD-
W4, MPD-W16, MPD-W64, and MPD-W256) with the same
sample length (16 raw images) are investigated. MPD-W256 is
selected as the reference sample, and the sample with a width
less than 256mm is compared to the reference. These five
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sample widths are also used to study the impacts of widths on
the calculation of MTD and PSD.

MPD-L16
| calculate

‘ One sample with a length of 16 raw Images ‘

Reference
Value

Reference
Sample

T 7 st

Raw Image

1 2 3

L Lswa L JL 7L L 1 I

Comparison samplel (2 sample 3
Sample raw image)

j Calculate ’_L JL JL JL JL JL JL
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14

15

16

Sample 2

Sample 4 ‘ Sample 5 ‘ Sample 6 ‘ Sample 7 ‘ Sample 8 ‘

L Average

Transformed MPD-L16

Fig. 6 Transformed MPD-L16 computation process

Comparison
Value

Two statistical methodologies are performed to study the
impacts of sample size on the calculation of texture indicators.
First, Analysis of Variance (ANOVA) test is used to investigate
whether the calculated texture indicators using various sample
size are statistically significantly different. If no significant
differences are observed among the texture indicators calculated
using various sample lengths or widths, it is concluded that
sample lengths or widths has no impact on the calculation of
the texture indicators. Second, if significant differences are
observed, linear regression analysis is performed to examine
whether the MPDs calculated from various sample lengths or
widths are highly correlated with the reference.

5.1 Effects of Sample Size on MPD Calculation

ANOVA test results are shown in Table 3. P-value or F-value
in the table indicates that the influences of sample lengths and
widths on the MPD computation are statistically significant at
95% confidence level. In other words, MPDs calculated with
various sample sizes (length and width) are not identical and
the impact of sample size should be considered when comput-
ing MPD values.

Afterwards, linear regression analysis is employed to study
the relationships among MPDs, as shown in Table 4. The
test sites 5 to 7 are PCC pavements, while other four sites
are AC pavements. It can be seen that the larger the sample
width or length is used for MPD calculation, the higher the
determinants of coefficients between comparison samples and
the reference sample are for both AC and PCC pavements.
However, the R-squared values are low and it is not adequate
to develop robust regression models to correlate these MPDs at
various sample lengths. For effects of sample width on MPD
computation, the R-squared values range from 0.04 to 0.83 for
AC pavement; the correlations among the MPDs for the PCC
pavements are excellent for sample widths that exceed 4 mm,
with R-squared ranging from 0.95 to 0.98. In other words, the
MPD computation for AC pavements is more sensitive to the
sample widths than that for PCC pavement.

Table 3 ANNOVA analysis: effect of sample size on MPD calculation

ANOVA Test df F P-value F crit
) Length 4 2.38E+03  3.44E-113 2.45E+00
site Width 3 1.30E+01 3.23E-07 2.70E+00
) Length 4 3.05E+02  7.19E-62 2.45E+00
Site2 Width 3 4.25E-02 9.88E-01 2.70E+00
) Length 4 8.99E+02  5.32E-83 2.45E+00
site3 Width 3 2.66E+00  5.31E-02 2.70E+00
) Length 4 4.96E+02 1.32E-73 2.45E+00
Sited Width 3 4.08E+01 4.31E-17 2.70E+00
) Length 4 8.37E+02  5.48E-84 2.45E+00
site3 Width 3 8.77E+00  3.57E-05 2.70E+00
) Length 4 2.15E+03 1.39E-110 2.45E+00
Site6 Width 3 2.33E+00  7.91E-02 2.70E+00
) Length 4 4.28E+02  5.53E-70 2.45E+00
Site? Width 3 2.33E+00  7.88E-02 2.70E+00

Table 4 Linear regression analysis: effects of sample size on MPD

Correlated R-squared at Test Site

Indicators 1 2 3 4 5 6 7
L16/ L1 0.00 041 057 020 022 050 0.64
L16/.L2 0.00 059 051 023 020 053 0.64
L16/.L4 0.15 079 063 021 024 055 0.68
L16/.L8 065 096 076 049 0.18 067 0.75
W256 /W1 0.00 0.10 005 0.02 016 0.13 0.17
W256 / W4 062 078 074 080 092 085 0.95
W256 /W16 066 082 085 071 097 091 097
W256/ W64 0.54 096 094 0.89 098 094 098

In summary, the effects of both sample lengths and widths
on MPD computation should be considered. However, for PCC
pavements, the impacts of sample width on MPD calculation
could be ignored if the sample width exceeds 4 mm.

5.2 Effects of Sample Size on MTD Calculation

Table 5 shows that significant differences exist among
MTDs calculated using various sample widths and lengths.
Therefore, the influence of sample widths and lengths on the
MTD calculation is negligible. In terms of the effects of sample
lengths on MTD computation, a fair correlation exists among
these MTDs for both AC and PCC pavements, with R-squared
values ranging from 0.45 to 0.98, as described in Fig. 7(a).

Fig. 7(b) shows the influence of sample width on MTD
computation. For AC pavements, no satisfactory regression
models can be developed due to the high standard deviation and
low correlations. For PCC pavements, although better correlations
and lower standard deviation are obtained, the R-squared values
are still not adequate to develop regression models to correlate
these indicators. It can be concluded that the influence of sample
width on MTD computation should be considered for both AC
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and PCC pavements, especially for AC pavements since its MTD
computation is more sensitive to the sample widths.

1.00

2 080 :I D LJ
=
.
g D |
= 040
E 020
2
5 0.00
g 1 2 3 4 5 6 7
L16/11 034 0.82 0.47 0.46 0.56 0.62 0.79
L16/12 038 0.74 0.60 0.43 0.54 0.68 0.83
L16/14 054 0.91 0.63 0.52 0.50 0.76 0.75
L16/18 095 0.98 0.66 0.68 0.45 0.85 0.88
(a)

j 1.00
Z
% 0.80 |;| I__LI I:l
2 060 D
£ 040 I:I
E oo O
oo

1 2 3 4 5 6 7
W256/ W4 | 0.06 0.71 0.24 0.04 0.42 0.60 0.71
W256/ W16 0.17 0.62 0.21 0.05 0.57 0.84 0.75
W26/ W64 019 0.94 0.45 0.87 0.76 0.76 0.58

()

Fig. 7 Impacts of sample size on MTD calculation;
a) Sample length; b) Sample width

Table 5 ANNOVA analysis: effect of sample size on MTD calculation

ANOVA Test df F P-value F crit
. Length 4 4.48E+02 4.02E-71 2.45E+00
site ] Width 3 5.76E+02 3.12E-61 2.70E+00
) Length 4 7.18E+01 6.34E-31 2.45E+00
Site2 Width 3 2.48E+02 4.80E-45 2.70E+00
) Length 4 1.61E+02 3.02E-47 2.45E+00
Site3 Width 3 1.91E+03 1.06E-82 2.70E+00
) Length 4 4.26E+02 7.07E-70 2.45E+00
Site 4 Width 3 2.30E+03 3.38E-89 2.70E+00
) Length 4 4.22E+02 1.06E-67 2.45E+00
site> Width 3 9.93E+02 6.41E-70 2.70E+00
) Length 4 1.34E+03 1.83E-98 2.45E+00
Site 6 Width 3 1.84E+03 1.27E-84 2.70E+00
) Length 4 4.48E+02 4.02E-71 2.45E+00
Site? Width 3 1.99E+02 4.96E-41 2.70E+00

5.3 Effects of Sample Size on PSD Calculation

Table 6 shows that significant differences exist among
PSDs calculated using various sample widths and lengths.
Therefore, the influence of sample widths and lengths on the
PSD calculation is not negligible.

For the impacts of sample lengths on PSD computation, it
can be observed that the poor correlation exists for both AC and
PCC pavements (Fig. 8a), that is, the attentions should be paid
when the different sample lengths are used to calculate PSD. As
for the effects of sample widths on PSD calculation, it can be
observed that a fair correlation exists for AC pavements and a
strong correlation exists for PCC pavements (Fig. 8b). In other

words, the effects of sample widths on PSD calculation for PCC
pavements can be ignored if the sample widths exceed the 4 mm.
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o == T
|
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0.20
0.00 _—

1 2 3 4 5 [] 7
L16/L1 0.00 0.35 0.42 0.05 0.01 0.03 0.49
Ll6/L2 0.04 0.73 0.37 0.08 0.00 0.07 0.50
Ll6/1L4 0.40 0.90 0.38 0.21 0.00 0.22 0.33
L16/L8 0.42 0.87 0.47 0.06 0.02 0.56 0.62

(a)
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E 040
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o . 1 2 3 4 5 6 7
W256/W1 0.03 0.06 0.01 0.15 0.06 0.12 0.03
W256 /W4 0.61 0.77 0.53 0.62 0.99 0.99 0.99
W256/ W16 0.60 0.83 0.58 0.62 0.99 0.99 0.99
W256 / Wo4 0.58 0.99 0.72 0.65 0.99 0.99 1.00
(&)

Fig. 8 Impacts of sample size on PSD calculation;
a) Sample length; b) Sample width

Table 6 ANNOVA analysis: effect of sample size on MTD calculation

ANOVA Test df F P-value F crit
. Length 4 4.89E+02 3.05E-73 2.45E+00
site Width 3 2.63E+02 3.90E-46 2.70E+00
. Length 4 3.79E+02 4.69E-67 2.45E+00
Site2 Width 3 6.82E+01 1.06E-23 2.70E+00
. Length 4 1.07E+03 9.18E-93 2.45E+00
Site3 Width 3 2.33E+02 7.25E-43 2.70E+00
. Length 4 6.77E+02 2.61E-81 2.45E+00
Sited Width 3 3.54E+01 1.73E-15 2.70E+00
. Length 4 2.81E+02 2.54E-58 2.45E+00
Site3 Width 3 4.95E+01 3.80E-19 2.70E+00
. Length 4 1.35E+03 1.23E-98 2.45E+00
Site6 Width 3 2.63E+02 3.90E-46 2.70E+00
. Length 4 2.18E+02 4.97E-54 2.45E+00
Site? Width 3 7.10E+00 2.34E-04 2.70E+00

It should be noted that poor correlations are obtained between
the reference texture indicators (e.g. MPD-W256, PSD-W256)
and those calculated based on one single longitudinal profile
(e.g. MPD-W1, PSD-W1), as shown on in Fig. 8b or Table 4.
There are two potential reasons causing the differences. One
reason is that different data repair mechanisms are applied. For
one single longitudinal profile (profile-based) data, the invalid
pixel value is replaced by averaging the previous and following
pixel values along this profile. While the adjacent eight
neighboring pixels of the invalid point are used to repair the
invalid reading if the sample has a certain width (area-based).
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The other reason is that different Fourier transform principles
are applied. The profile based data can be regarded as one-
dimensional signal, and one-dimensional Fourier transform is
applied in the frequency domain. However, the area-based data
are two-dimensional, and the Fourier transform is conducted
not only in the traveling direction, but also in the direction
perpendicular to traveling direction.

6 Conclusions

In this study the impacts of sample size on the computations
of MPD, MTD, and PSD are explored using 1mm 3D surface
texture data. After invalid data points are repaired and
Butterworth filter is applied to remove unwanted wavelengths,
ANNOVA test and linear regression analysis are performed.
The findings indicate that the impacts of sample lengths on the
computation of these three texture indicators are significant
and attention should be paid when different sample lengths are
used to calculate those indicators. As for the impacts of sample
widths on the computation of texture indictors, the findings
indicate that the impacts of sample widths on MTD computation
should be considered for both AC and PCC pavements, while
the effects of sample width on MPD and PSD calculations for
PCC pavements can be ignored if sample width is wider than
4mm since good regression models can be developed between
the reference and comparison MPDs or PSDs.

Current practices of computing texture indicators are
based on line-of-sight technology. From this research, it is
found that the indicators calculated from various sample size
are significantly different from those obtained from a point
laser data. Therefore, it is apparent that texture analysis and
its standardization with Imm 3D surface data are necessary
as 3D data collection at true Imm resolution with full
coverage of pavement surface is becoming a reality. Current
ASTM and other procedures cannot be directly applied to
3D surface for production due to a lack of definitions. With
further research by investigating broader sample widths
(e.g. 1024mm and 512mm ) and comparing with field measured
data, it is anticipated that efforts to determine reasonable
pavement sample size through the application of 3D surface
data will be made.
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