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Executive summary

This report describes the latest stage in a programme of research, undertaken by TRL for

the Transport Research Foundation (TRF) to investigate the possibility of carrying out or

aiding skid resistance measurement without contact with the road surface. Although
previous stages of this research sought solely to analyse images of aggregate surfaces

and detect visual changes possibly related to changes in skid resistance, the work
reported here has an emphasis on investigating surface texture characterisation using

both qualitative and quantitative measurement.

An aggregate specimen was polished in the la boratory to provide nine discrete levels of
polish, with associated measurements of friction. At each level of polishing, high
resolution images were taken and analysed to provide a record of the process and to
provide a link with previous stages of the r esearch. Although the correlation between
parameters derived from the images and friction that has been demonstrated before was
shown to hold, the analysis also showed that there are likely to be more factors involved

in the changing appearance of the sur face tha n just its texture.

At each polishing stage, replicas of the aggregate surface were taken. As well as
providing a permanent record of the surface texture, the replicas allowed inspection by
scanning electron microscopy  (which is not possible on the aggregate specimen because

it is too big for the SEM chamber). Clear change s in the surface texture, apparently due

to the polishing process , were detectable at various scales.

Surface texture was measured using an optical m icroscope that combines the small
depth of focus of an optical system with vertical scanning to provide topographical
information derived from the variation of focus. Surface topography was analysed with

three different software packages, using a nhumber o f standard roughness parameters.
The effect of various wavelength filters was explored and this suggested that
determination of the scale of texture most relevant to skid resistance is important, even

within the relatively narrow range present on a single stone surface. It was shown that
that the distribution of peaks, rather than their heights, is also likely to be  a relevant
factor.

Recommendations are made for further use of the specimens prepared in this work and
for development of the methodology tha t will allow more conclusive texture
measurement analysis in future.
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1 Introduction

Routine monitoring of the skid resistance of road surfaces is an important component of

ensuring that the road surface is maintained in a safe and serviceable condition. Various

different types of equipment have been developed for measuring skid resistanc e, but all
share a common principle of measuring the forces generated when a rubber tyre or

slider is forced to slide across a wetted road surface. This presents a number of
limitations that affect the safety and efficiency of data collection and the qual ity of the
data obtained. These could potentially be overcome through the development of a
contactless method of characterising the skid resistance properties of road surfaces.

Such a method could be applied throughout the UK and in the many other countr ies that
conduct skid resistance measurements.

A research progr amme is being undertaken by TRL for the Transport Research
Foundation (TRF) to determine whether detailed imaging of the road surface has

potential to be applied to the measurement of skid resi stance. The ultimate objective of
this work is to develop a method suitable for implementation on a traffic -speed survey
vehicle. This report describes progress made during 2009 T 2010. The work reported in
this document is part of the Transport Researc h Foundatio n 6 s ongoing
programme.

In the previous stage of the project (Dunford A. , 2009) , work concentrated on collecting
a large number of images of road surfaces from a moving vehicle in order to compare
parameters derived from the images with the skid resistance of the surface over
extended continuous lengths of surface. It was found that the image analysis algorithms

were very sensitive to image quality, particularly the quality of focus , achieved by the
image co llection system . It was concluded that development of a traffic speed system

will rely on considerable investment in the development of  image collection equipment.
However, it was also concluded that, before committing such a significant investment, it

is necessary to have a more complete understanding of the characteristics within the
surface texture affecting the skid resistance that the image collection system would aim

to quantify.

The research presented in this report , therefore, revisit s the fundame ntal principles of
comparing microtexture with skid resistance in anticipation of future  equipment
development.
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2 Experiment methodology

In order to  relate changes in surface texture to changes in skid resistance, surfaces with
a range of texture s or skid resistance s must be observed.

2.1 Specimen s

A number of levels of skid resistance could be achieved by using a variety of materials T
for example, skid resistance on a smooth glass surface compared with skid resistance on

a sheet of glass paper, or skid resistance on a polished limestone surface compared with

skid resistance on a granite surface. However, in order to reduce the potential number

of variables arising from differing structures of materials, in this research a range of
levels of skid resista nce have been achieved using one material, polished to different
extents.

In principle, any material could be used, but clearly, since the ultimate goal is to
measure skid resistance on road surfaces, the most relevant materials are aggregates
that are typ ically used in pavement surface course s. According to a survey of UK
quarries (Thompson, Burrows, Flavin, & Walsh, 2004) , the most quarried rock types
used as road construction aggregate are greywacke, dolerite and basalt.

TRL stores a stockpile of dolerite aggregate for use as control stone in the polished stone

value (PSV) test , which measures the polishing resistance of aggregates used in road
surfaces. Skid resistance and polish resistance of this material is well establi shed, and it
is known to be of a n homogenous nature (i.e. one stone is as similar to the next as is
possible within a naturally occurring material).

Poli shing and measurement of skid resistance was achi
Wehner -Schulze mach ine, which is described in more detail in Appendix A . A regime of

polishing was used to achieve a discrete number of polishing levels on the same

specimen . The ag gregate was polished in several stages, following a logarithmic

pattern: 0; 30; 90; 300; 900; 3,000; 9,000; 30,000 and 90,000 passes of the machineds
polishing rollers . This resulted in 9 discrete polishing levels, which are referred to by

number (0 T 8) for the remainder of this report. At each polishing level , a set of

photographs of the specimen surface (Section 2.2) and a set of replicas of the specimen

surface (Section 2.3) were tak en before friction was measured using the Wehner -Schul ze

machine.

Figure 2.1 shows the evolution of friction on the sample surface as it was gradually
polished.  The coefficient of friction measured reduces very quickly at first, but then
requires proportionally more passes to achieve further reduction . For example, a
reduction in friction of 0.1 was achieved in the in the first 9,000 passes , and a reduction
of a similar amount  was achieved in the following 81,000 passes
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Figure 2.1 Evolution of friction throughout progressive polishing

Figure 2.2 shows the same friction measurements at each stage against nominal
polishing levels 0 to 8.
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Figure 2.2 Evolution of friction measurements by polishing stage

2.2 Surface photographs

In order to take photographs of identical areas of the specimen surface at sufficient
resolution to track any changes occurring to the surface texture as the specimen was
polished, the following equipment was used:

Nikon D200 10 megapixel digital SLR

Sigma 50mm F2.8 DG macro lens

Copy stand

Specimen mounting turntable

Flash lamp set to evenly illuminate the area of interest on the specimen
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The specimen was mounted into the turntable and carefully marked so that its posi tion
could be accurately replicated with respect to the camera position in subsequent
photographs .  Photographs were taken of six areas of the surface around the

circumference of the aggregate specimen within the area swept by the polishing rollers

of the Wehner -Schulze machine. Each photographed area encompassed at least 5
aggregate particles so that a total of 30 individual aggregates surfaces could be
analysed. The resolution achieved in the photographs was approximately 10 um per pixel
Tfwithin ¢heté&xmiured range of surface texture.

This photographic method of analysis has been used in previous stages of work carried

out for the Transport Research Foundation (Dunford & Viner, 2006) , and it was not
intended to be the ma in focus of the present experiment. However, the photographs

offer an accessible record of changes occurring on the aggregate surface, and the
analysis carried out provides a link to earlier stages of this work.

2.3 Surface replication

In order to examine the surface texture within the same area of aggregate before and

after polishing, and to retain a record of the polishing state, replicas of the surface were

made at each level of polishing . A commercial replication compound, designed for
engineering inspect ion purposes, (Microset Products Ltd, Nuneaton) was used. Th is two
part polymer system is mixed as it is dispensed onto the surface from a cartridge to form

a semi -viscous liquid which cures quickly to form a flexible solid compound that can be

peeled fro m the surface to give an inverse relief (mirror image ) replica. Normally used

to perform metallography of machine components such as inspection of microstructure,

micro -cracking and pitting, the replicating compound has better than 0.1um resolution ,
accor ding to the manufacturer.

At each stage of polishing, three of the six photographed areas were replicated. This

was achieved by surrounding the area of interest with a plastic ring of diameter 50 mm
and flooding the surface within the ring with replicatin g compound. Th e working life of
the compound is 30  seconds which was sufficient time for it to coat the surface within

the ring and also self -level to give a flat base to the finished (inverted) plaque. Figure

2.3 shows one of the prepared plagues; the replicated surface texture of each aggregate
particle can be easily seen.

Figure 2.3 Replicated aggregate specimen

When each replica plague was removed from the surface, the area with which it had

been in contact was darker than the surrounding aggregate. This was queried with the
manufacturer who thought it could either be that a monomolecular layer of silicon

compou nd had been left on the surface, or that the replica plaque had removed very fine

detritus from the surface leaving behind an intricately cleaned area. The replicated
areas can be clearly seen on the aggregate specimen shown in Figure 2.4.
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2.4

Scanning electron microscopy was used to check the fidelity of surface replication.
was also used to examine the surfaces before and after polishing to gain a qualitative

Figure 2.4 Aggregate specimen used in experiment

Scanning electron microscopy

assessment of the polishing process.

A small disc (50mm diameter) was cut from an

It

replicating compound was applied to its surface using a plastic ring to form a boundary

so that the replication liquid could pool over the whole area.
microscopy (SEM) was then used to compare the
Figure 2.5 shows low magnification (composite) images of a stone (top) and its replica
(bottom).  Because the replication process pr ovides a o6mirror

SEM images of the replica have been transposed left

matches.
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Figure 2.5 Low magnification images of stone (top) and replica (botto
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Using the shape of the stone and its edges for navigation, several corresponding

positions were found on both the stone and on the replica. Figure 2.6 and Figure 2.7
show two features of the surface which are clearly visible and easily identifiable on both
the stone (left) and the replica (right). The scale information in the black bar on the

bottom of each image indicates a length of 20um.
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Figure 2.7 Feature 2 1 stone (left) and replica (right)

This preliminary experiment allows some confidence in the replication technique for
aggregate surfaces, and shows that small features between 5 and 10um are definitely
replicated . However, thereis some loss o f defi nition on the smallest features suggesting
that the resolution of the replication compound may not be as high as 0.1um when
measuring this type of surface.

In order to directly compare the aggregate surfaces before and after polishing, a similar

tech nique was used to identify specific features on the before -polishing replica and then
find the same features on the after -polishing replica. Section 4 describes s ome of the
changes that were observed.

2.5 Surface texture measurements

Texture measurements were made using an Alicona Infinite Focus microscope at the
National Physical Laboratory (NPL) (Figure 2.8) on the surfaces of aggregate particles
replicated at each of the nine polishing levels.
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Figure 2.8 Alicona Infinite Focus microscope

The microscope combines the small depth of focus of an optical system with vertical

scanning to provide topographical information derived from the variation of focus. Using

a beam splitting mirror, light emerging from a white light source is inserted into the
optical path of the system and focused onto the specimen via the objective lens.
Depending on the topography of the specimen, the light is reflected in several directions

as soon as it hits the specimen. Light rays emerging from the specimen and hit ting the
objective lens are gathered by a light sensitive sensor behind the beam splitting mirror.

Due to the small depth of field of the optics only small regions of the specimen are

sharply imaged when the lens is at any given height. The lens is moved vertically along
the optical axis while continuously capturing data from the surface until each region of

the specimen has been imaged in sharp focus. Algorithms are used to analyse the
variation of focus along the vertical axis and convert the acquired sensor data into 3D
information.

Three regions on each of five aggregate particle surfaces were measured on each of the

three replica plaques taken at each polishing level (45 scanned areas for each polishing
level) . Data from the microscope consisted of 3D coordinates for points within a
rectangular region with dimensions approximately 2.8 mm by 2.2 mm. The spacing
between measurement points was approximately 3.5 pm in all three dimensions. The
manufacturer claimed resolution depends on the objective le nses used, and 3.5 pum is
well within the deviceds operational range.

The following three chapters describe results from digital imaging, scanning electron
microscopy and surface texture measurements.
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3 Digital images

Figure 3.1 shows two images extracted from larger photographs of  the specimen surface
before polishing (left) and after all polishing (right), for one of the three areasthat were
photographed but  not replicated. Figure 3.2 shows a similar pair of images for one of
the three areas that  were replicated. In the first pair of images, from a non -replicated
area, the aggregate surfaces appear darker after polishing (i.e. the image on the right is

darker) . In the second pai r, the difference between the two images is less marked ,
although both appear darker than the image of the unpolished, non -replicated area (top
left) . It has already been noted that the replicating compound leaves behind a darkened

area ( Figure 2.4).

Figure 3.1 Images from non -replicated areas before (left) and after all
polishing

Figure 3.2 Images from replicated areas before (left) and after all polishing
Figure 3.3 shows pixel intensity histograms for photographs taken at each of the
polishing levels 0to 8 withinthe non-replicated areas. Figure 3.4 shows equivalent pixel
intensity histograms for photographs of the replicated areas. Each photograph has just
over 10 million pixels, and each pixel can have a discrete intensity value from O to 255.
The graphs show a smoothed representation of the number of pixels with each level of
intensity, averaged over the three photographs taken at each polishing level. In the

non -replicated areas, the distribution skews towards lower pixel intensities (darker

ima ges) , but in the replicated areas, the distribution of pixel intensities remains broadly

the same throughout the polishing process. Note also that the non -replicated areas are
lighter before polishing, and contain a broader range of pixel intensities (the replicated
areas are darker and more homogenous). These measurements are consistent with
observations based on the images above.
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Figure 3.3 Intensity  histograms  for non -replicated areas.
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Figure 3.4 Intensity histograms for replicated areas

Image processing analysis algorithms were developed in previous stages of this work to
quantify texture using variation in pixel intensity, either compared to surrounding pixels,
or compared to a nominal threshold (Dunford & Viner, 2006) . The algorithms were
applied separately to the replicated and non -replicated areas , and it was found that the
output parameters did not vary with polishing le vel for the replicated areas. The
following results have therefore been calculated using only the photographs of non -
replicated areas.

The first algorithm developed in previous research inspects each image and counts the
number of contiguous pixels that fall below a predefined intensity level. In effect, this
measures the homogeneity of the image. Figure 3.5 shows the average number of
pixels contiguously falling below an intensity value of 100 for each polishing level.
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Figure 3.5 Average number of contiguous dark pixels for each polishing level

The second algorithm  developed in previous research is based on the conventional
roughness parameter R ,, which measures the average deviation of a surface away from

a notional mean level. Figure 3.6 shows the results obtained when the parameter is
produced by calculating the average deviation of each pixel 0 dntensity from  the mean

pixel intensity of the surrounding 80 pixels.
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Figure 3.6 Averagedo iRkt each polishing | evel

In both cases, the algorithms have been applied to the whole area photographed but
with the region between aggregate particles masked and excluded.

It can be seen that the parameter s change with increasing polishing. Figure 3.7 shows
both parameters plotted against  friction with  trend line s demonstrat ing a strong

correlation between th e parameter s and the measured friction. In the case of the R a
based parameter, the correlation is stronger when the final polishing stage is not
included in the trend line (the broken red line).
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Figure 3.7 Correlation between friction and parameters derived from images
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4 Scanning electron microscopy

Scanning electron microscope images of the surface from replica plaques of the before -
and after -polishing states can be difficult to interpret because the replic a surface is in
negative relief. The changes expected due to polishing will primarily affect the

uppermost surfaces of the stone and consequently these will be represented by the
lowermost surfaces of the replica plaques. However, when comparing SEM imag es
collected before and after polishing, there are some very clear changes in the texture of

the surface.  Figure 4.1 shows a section of replica surface, at low magnif ication, on the

plaques before ( left) and after polishing. Subjectively, the image after polishing appears
smoother in general. It is possible to identify specific areas of the images that appear to

show change on different scales (a length of 500um is i ndicated in the black information
bar at the bottom of each image).

X‘_

Spot. Maé‘n
20,0 kv 3.0 100x

Figure 4.1 Texture changes between before -polishing ( left ) and after - polishing
(right ) at 100x magnification

Higher magnification images are shown in Figure 4.2 for a second area of the surface.
Again, the general smoothness of the after -polishing surface compared to the before -
polishing surface is app arent. There are several distinct planes in the image, and the

effect of the polishing process is noticeable across their full width I examples highlighted
with yellow ovals are clearly smoother in the image after polishing

2. AccV Spot Magn  Det
20.0kv 3.0 20

Figure 4.2 Texture changes between before -polishing ( left ) and after  -polishing
(right ) at 200x magnification

The images in  Figure 4.3 show a particular feature that has clearly changed on more
than one scale.  The edges of the triangular plane have become more rounded while the
surfaces are distinctly smoother, and an additional fracture line has appeared
horizontally acrossits ¢ entre.
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