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ABSTRACT: Surface friction is one of the most important aspects of safety for runway pavements. Conse-
quently, accurate friction assessment can inform safe aircraft operations. One of the ways to increase the ac-
curacy of friction assessment is to use texture tests. The aim of this study is to develop and verify a simple
profilometer and profile picture processing algorithm for microtexture assessment. Such parameters as smoth-
ering coefficient and angle between laser and camera and surface were optimized. Laser profilometer testing
results correlate well with the stylus-based roughness tester (R? = 0.99). The proposed assessment technique
can be used for the microtexture assessment during runway friction surveys.

1 INTRODUCTION
1.1 Surface friction

Surface friction is one of the most important pa-
rameters of pavement affecting runway safety. The
friction between a tire and a pavement directly af-
fects the braking performance and maneuverability
of aircraft. The coefficient of friction is a complex
value that mostly depends on the hysteresis and ad-
hesion effect between two surfaces. Adhesion, how-
ever, has a smaller influence on the friction due to
the presence of moisture, dust, and other contami-
nants. Hysteresis effect, due to its nature, mostly de-
pends on surface texture (Ueckerman et al., 2015).
Additionally, surface texture lowers the risk of con-
tact loss (hydroplaning) by providing contact patch
drainage and reducing the water film thickness on a
pavement surface (White, 2024).

Surface friction is generally measured by contin-
uous friction measuring equipment (CFME) (AAA,
2017). However, due to the complexity of the fric-
tion phenomena, direct friction measurements by im-
itating the contact between a tire and a surface usual-
ly have low accuracy and repeatability. Changes in
humidity, surface temperature, wear of the sliders
and tires of the CFME, and the influence of speed
make the reliability of the friction measurements
poor, which could lead to serious friction-related ac-
cidents (Dardano & Wickham, 2005). Consequently,
one of the ways to improve the friction management
of runways is to add microtexture measurement to
the tools for conducting friction surveys on runway
pavement surfaces.

1.2 Surface texture and friction

Surface texture is a set of surface irregularities. Tex-
ture is usually divided into four classes depending
on the wavelength; microtexture (up to 0.5 mm),
macrotexture (0.5to 50 mm), megatexture (50 mm
to 500 mm), and unevenness (greater than 500 mm).
However, only macrotexture and microtexture are
important for the braking performance and maneu-
verability of aircraft. Megatexture and unevenness
are usually eliminated due to noise and vibration
during aircraft movement (Chen et al., 2022).
Microtexture and macrotexture affect the friction
differently at different speed. At high speed, macro-
texture lowers the risk of dynamic hydroplaning by
improving water drainage. Microtexture, on the oth-
er hand, provides good friction at lower speed, by
reducing the thickness of the water film and increas-
ing the hysteresis effect (Xiao et al., 2024).
Theoretical and empirical models are used for the
friction prediction based on a surface texture (Li et
al., 2020). Some of the studies use artificial neural
networks to predict surface friction with high accu-
racy (Yang et al., 2018). Some of the models were
used during the development of the International
Friction Index system (Wambold et al., 1995).

1.3 Surface texture measurements

Macrotexture measurements are usually simple due
to the larger size of the surface irregularities. Differ-
ent methods are standard for macrotexture meas-
urements, such as profilometry and volumetric
methods, which are widely used in engineering prac-



tice (White et al., 2021). Microtexture testing, how-
ever, is more challenging, and in current practice,
there is no widely accepted method of microtexture
assessment.

In research practice, different methods of micro-
texture assessment can be used, which can be divid-
ed into contact and non-contact methods. Contact
methods include such methods as the mechanical
stylus test and different wear tests. Non-contact
methods are used more often and include laser pro-
filometry, image texture analysis, stereoscopy, com-
puted tomography scanning, 3D scanning, and sim-
pler microscopy assessment methods, such as the
straightedge shadow method (Chen et al., 2022).

The most precise and simple method is laser pro-
filometry, which is based on the geometrical meas-
urement of a projection of the laser beam on a sur-
face (Martin-Béjar et al., 2023). However, there is
no standard laser profilometer equipment for pave-
ment testing.

The aim of this study is to introduce the design of
a cheap and simple laser profilometer for pavement
testing, including a profile picture analysis algo-
rithm, and to verify it.

2 MATERIALS AND METHODS
2.1 Testing surfaces

To avoid the macrotexture influence, the verification
was performed in the laboratory using different
samples, including polished metal plates, sandpaper,
and a mill file. A total of eight tests were performed
by assessing an average roughness (Ra) of the sur-
face, which can be found as an average deviation of
the profile point coordinate.

2.2 Profilometer verification

Reference surface texture measurements were per-
formed using the Intra Touch roughness tester with
4 nm vertical and 0.5 pm horizontal resolution. This
roughness tester is based on the stylus test and pro-
vides a precise microtexture measurement. However,
the vertical range of that tester allows use only with
plain surfaces.

2.3 Laser profilometer

A laser profilometer was designed using widely ac-
cessible and economically available components
(Fig. 1). The total price of profilometer components,
excluding the price of the mount, which is made of
3 mm metal sheet, was equal to 36 AUD (24 USD).

The measurement process includes the following
steps: positioning of the device on a surface, instan-
taneous registration of a singular 4 mm long profile,
and repositioning the device.

The resolution of the camera was equal to
6.09 um. Vertical resolution can vary by changing
the angle between the camera and a laser. The pro-
filometer mount allows a change in the angle be-
tween the laser, camera and surface. The resulting
profile is registered as a picture, allowing analysis in
the VBA application for Excel.
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Figure 1. Laser profilometer model

3 RESULTS AND DISCUSSION
3.1 Profilometer design

A laser profilometer consists of two main parts; a
camera or sensor, and a laser. Depending on the con-
struction of a profilometer, a laser requires a set of
lenses to project the laser line on a surface. The pro-
filometer scheme is shown in Figure 2.
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Figure 2. Laser profilometer scheme

The relative height of the profile point on surface
and, on registered profile in Fehler! Verweisquelle
konnte nicht gefunden werden., are related via the
Equation (1):

h="h"%sinp/sin (180- o - p) 1)

where h is a real height of the point on a profile,
h’ is a height of the point on a registered profile, o is
an angle between camera and surface, and £ is an
angle between laser and surface.



In most of the commercial laser profilometers
used for materials testing, the  angle is equal to 90°
(Mital’ et al., 2019). The reason for that is a distor-
tion of a profile line if that angle is less than 90°
(Fig. 3). However, as seen in Equation 1, that reduc-
es the vertical resolution of a profilometer. For the
purpose of pavement surface analysis, the straight-
ness of the profile is inconsequential because the
pavement surface is usually irregular anyway, so the
slope angle change in not as important, since the
height difference is still accurate.

Figure 3. Distortion of a profile line

Lowering the angle increases the vertical resolu-
tion of a profilometer until the asperity slope and
bottom cannot be reached by the camera and laser.
In the case of a cone-shaped asperity (Fig. 4), the
asperity wall and bottom can be seen on a profile on-
ly if both the camera (o) and laser () angles are
greater than the angle of an asperity slope ().
Overwise, the profile picture will contain discontinu-
ities, which will add a significant error to the read-
ings. Due to that reason, it is important to be able to
change the angle to control the accuracy of the pro-
filometer in a stage of profilometer verification.

Figure 4. Distortion of a profile line

3.2 Processing algorithm

For this study, a data processing algorithm was also
designed. It consisted of the following steps; profile
registration, fine smothering, macrotexture filtration,
texture parameter calculation.

The profile photo first needs to be processed to
obtain a texture profile. First, pixel brightness is be-
ing calculated as well as the profile line brightness
threshold. After that, points on a profile were calcu-
lated by finding the centre of brightness of each col-

umn of pixels. A registered profile then needs to be
smothered to remove any errors. After that, a macro-
texture filtration needs to be done. During that step,
profile leveling was also obtained. Macrotexture fil-
tration was not done during the verification of a pro-
filometer since the data from the roughness tester
was not filtrated. However, the same algorithm was
used for profile leveling by increasing the approxi-
mation range. An example of a processed profile is
shown in Figure 5. S’ and S are fine smothering and
filtration coefficients.

Figure 5. Processing of the photo of a profile (concrete texture)

For the fine smothering and filtration, an algo-
rithm based on linear approximation, based on the
method of least squares, was used. This algorithm
approximates the line for each point based on the S-
points before and after the point. Accordingly, the
smothering coefficient is named S', and the filtration
coefficient is named S. The part of that line becomes
the profile after smothering or a macrotexture profile
line near the point. Microtexture was calculated as a
distance between a point and the approximated line.
The advantages of this linear approximation are
simplicity and efficiency.

Conventional filtration algorithms, based on the
Fourier transformation, the Butterworth filter, the
Gaussian smoothing filter, or other frequency-based
algorithms, calculate the microtexture as a height
difference between a point and a macrotexture,
which leads to an error (Edjeou et al., 2020). Algo-
rithms based on the polynomial approximation can
lead to "overfitting,” and they usually do not consid-
er curved surfaces to be part of a microtexture,
which is inappropriate for friction assessments be-
cause the overall grip is better on those surfaces.
Plain surfaces, on the other hand, have the worst
grip, and a polynomial approximation does not fit
well to a straight line.

3.3 Laser profilometer verification

The laser profilometer verification was performed
with different angles between the camera, laser, and
a surface. The angle optimization was performed
with the optimization of S’ coefficient. The results of
the optimization are presented in Table 1. In all sets



of tests, the R? value between the roughness tester
and laser profilometer results was calculated.

Table 1. Sets of tests for profilometer verification
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1 45 45 431 0.92

2 45 90 8.61 0.95

3 60 90 12.18 0.89

4 60 60 6.09 0.99

As shown in Table 1, the optimal angle between
the surface and both the laser and camera is equal to
60°. Although the lower angle increases the resolu-
tion of the profilometer, the profile discontinuities
lower the total accuracy. Profile distortion with the
change of an angle between laser and surface does
not affect the accuracy that much compared to the
reduction of vertical resolution.

As shown in Figure 6, where the results of the
fourth set of tests are presented, the designed laser
profilometer model's vertical resolution is much
lower than the vertical resolution of the roughness
tester, which leads to an error in the case of polished
metal plates. However, proportionality of the results
for polished metal plate was still obtained.
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Figure 6. Profilometer verification results

R? = 0.9888
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4 CONCLUSION

The profile image assessment methodology present-
ed in this paper can be used for the microtexture as-
sessment. The smothering algorithm based on the
linear approximation is simple and more suitable for
friction assessment. Laser profilometry testing
equipment for friction assessment can be cheap and
reliable since friction assessment requires an analy-
sis of texture wavelengths up to 0.5 mm. The laser
profilometer model presented in this study is de-
signed using cheap and common components and

has a maximum vertical and horizontal resolution
equal to 6 um. Obtained results were verified with
the stylus-based roughness tester; the R? coefficient
is equal to 0.99.
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