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Abstract: The surface finish of mechanical parts is widely
regarded as a crucial factor in their performance and wear.
So, a key role of ensuring credibility of roughness measurements
in the product inspection processes should not be surprising.
However, in spite of publishing dozens of standards referring
to the surface topography metrology and devising numerous in-
struments, combining wide measuring ranges with outstanding
resolutions (up to tenths of nanometer), surface texture eval-
uation still involves a large degree of speculation. As it is pre-
sented in the paper, there is an extreme difficulty both in ensuring
credibility and estimating the uncertainty of the measurement of
a kind due to the changeability and small scale of the feature be-
ing gauged. To make matters worse, the awareness of the signifi-
cance of uncertainty estimation among the metrologists remains
insufficient. So, the author’s objective is to raise the awareness of
the utmost importance of reliability in roughness measurements.

1. The importance of surface roughness measurements

Surface roughness of industrial components strongly affects their performance, i.e.
noise made during work, reflectivity, maintenance and cost of service. Nowadays
its importance is soaring indeed, as the size of the manufactured elements has been
reduced to micrometers or even nanometers. As a result, it is not surprising at all
that paramount significance is attached to surface texture measurements, too.

What is more, measurements of the kind are no longer restricted to assessing
industrial objects and their compliance with specifications, but they have expanded
to more ”exotic” fields, as presented in Fig. 1.

Medicine is one of the most popular non-industrial disciplines where surface rough-
ness research is in demand. For example, it has been found that it is essential to in-
vestigate the properties inherent in surface topography, as they are crucial for bone
integration of implants (Hallgren et al., 2001). Also, metrology of microgeometry is
commonly used in cosmetology and plastic surgery to evaluate the pace of the ag-

∗Warsaw University of Technology, Faculty of Mechatronics, Institute of Metrology and Biomed-
ical Engineering, 8 Św. A. Boboli Str., 02-525 Warsaw, Poland



244 PhD Interdisciplinary Journal

Fig. 1. Surface roughness measurements: sample areas of application.

ing processes or the effectiveness of the anti-wrinkle treatments (Manuskiatti et al.,
1998). The preservation of fine arts (Ravines et al., 2008) and dating archaeologi-
cal discoveries (Buckberry and Chamberlain, 2002) have also become fields in which
non-destructive research on the surface roughness is vital.

2. Introduction of new measurement methods

The examples presented above prove that necessity for conducting surface roughness
measurements is not limited to controlling quality of industrial objects, but it is
also a must in countless areas of scientific research. As it might have been expected
neither measuring equipment manufacturers nor scientist could remain unresponsive
to this demand. As a result, not only were metrological properties of measuring
machines improved, but completely new methods of investigating surface topography
were devised (Pawlus, 2005); as presented in Fig. 2.

The primary and, in effect, the most popular method is the tactile one. A diamond
stylus of a profilometer (Fig. 3), as the instrument of the kind is called, moves laterally
across the surface for a specified distance with a constant force applied. Surface
variations are delineated by the vertical movements of the stylus. Then, the changes
of vertical position of the measuring tip are converted into a digital signal, analyzed
and displayed.

Recent years have brought some significant changes in the performance of these
instruments. One of the most important has been replacing the capacity or inductive
gauges with interferometric ones. It has led to an incredible improvement of gauges’
vertical resolutions (reduced to less than one nanometer) combined with much wider
measuring ranges (exceeding 10 mm) (Precision, 2006). This extraordinary range
to resolution ratio (˜107 : 1) enables users to measure even strongly curved surfaces
with high accuracy.

As there is a need to measure delicate objects (i.e. textiles, works of art) whose
surface may be damaged with a diamond stylus, some non-contact methods have been
devised. Among them, the white light microinterferometry seems to be one of the most
popular. Not only does it enable the user to measure surfaces of low reflectivity (< 0.3
%), but it also provides him with complex information concerning the roughness, as
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the measurement is no longer limited to a single profile of a surface. Also, according
to the manufacturer, the resolution of the measurement in the Z direction may be as
accurate as 0.1 nm (Precision, 2013).

Fig. 2. Methods of measuring surface roughness.

Fig. 3. A stylus profilometer.

The setup of a white light interferometer is shown in Fig. 4. The interference
objective, being accurately positioned with a piezoelectric actuator, is the key part of
such a microscope. In spite of a variety of objectives being available, Mirau remains
the most common. First, a broad-band light source is used to illuminate the test
and reference surfaces. Then, the reference beam is reflected back by a beam splitter
in the direction of the objective front lens to a miniature mirror. During the surface
investigation an interference objective moves and, as a result, modifies the length
of the measurement arm. If the optical path length of light impinging on the camera
pixel is exactly the same for the reference and the object beams, the interference
signal of a pixel has a maximum modulation. At the same time, the z-value for a
single pixel imaged surface point refers to the z-value of the positioning stage when
the greatest value of a modulation in the correlogram is observed (Wyant, 2002).
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Fig. 4. A white light Mirau interferometer.

3. Unsolved problems

Despite a wide variety of surface roughness investigation methods that ensure incredi-
ble measurements resolution, there is nearly no information concerning the credibility
and repeatability of these methods. However, as the present research has shown, a
choice of different measuring equipment, even by the same producer, may strongly
affect measurement results, especially when fine-finish surfaces are taken into con-
sideration. For example, using Talyrond 365 (Fig. 5a) and Form Talysurf PGI 830
(Fig.5b), both by Taylor Hobson, a leading manufacturer of instruments dedicated
to microgeometry, in order to measure the same standardized surfaces, showed that
the differences in the acquired results are the ones of a statistical importance.

During the research, the impact of instrument choice and stylus tip velocity on
values of the most popular parameters used to evaluate surface roughness were in-
vestigated. The research was conducted in compliance with the ISO standard rec-
ommendations (ISO 12179:2000. Geometrical Product Specifications (GPS) - Surface
texture: Profile method - Calibration of contact (stylus) instruments, 2000) and the
sample results are presented in Fig.6. The chart clearly shows that the Ra parameter
values, referring to the arithmetic average of the absolute values of the roughness
profile ordinates, may differ by tens of percent. Similar conclusions were reached for
other roughness parameters taken into consideration in this research.

The results obtained when not only different measuring instruments are applied,
but also various methods of collecting information about the surface texture are used,
may differ even more significantly. Such discrepancy of the calculated Ra parameter
value was observed, when bronze-coated grinded specimens were measured with the
use of a stylus profilometer (Form Talysurf PGI 830) and a white light interferometer
by Taylor Hobson (CCI Sunstar, Fig. 5c). The observed peaks, looking at the CCI
measurement result, were not registered when a stylus method was used (Fig. 7). In
effect, the relative difference of the parameter values exceeds 1000 %. However, there
is no scientific basis on which one (or both) of these outcomes can be discarded as being
unreliable. Such fundamental difference between measurement results makes proper
assessment of objects’ functional properties extremely difficult or even impossible.

In order to avoid such difficulties, it was found essential to give some quantitative
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Fig. 5. Stylus instruments compared: a) Talyrond 365; b) Form Talysurf PGI 830; c)
CCI SunStar

Fig. 6. Ra parameter values repeatability.

indication of the quality of each physical quantity measurement result (JCGM, 2010)
– the measurement uncertainty.

However, so far the parameters of surface roughness evaluation are reported in a
raw form – without such an indication. Not given any extra information about the
surface texture measurement performance, the comparison of measurement results,
either among one another or with the reference values, is a no-go. As a result, it is
also impossible to confirm the objects’ compliance with the specifications.

To make matters even worse, the vast majority of engineers remain unaware
of the importance of evaluating and expressing the measurement uncertainty, while sur-
face roughness is being investigated. As the survey (Wilhelma et al., 2001) conducted
among the technical staff representatives in the USA has shown, just slightly above 10
% of them are conscious of the significant impact of estimating the uncertainty on in-
terpreting experiment results properly. Even fewer apply their theoretical knowledge
in their professional performance. The outcomes of this research show how much is
yet to be done to popularize the awareness of how important reliability of results is
in surface roughness measurements.

However, due to the small scale and changeability of the feature being gauged
in the surface topography measurements, it is extremely difficult to identify the factors
affecting the obtained measurement values and assess their influence thoroughly.



248 PhD Interdisciplinary Journal

Fig. 7. Differences between the profiles obtained with: a) stylus profilometer Form
Talysurf PGI 830; b) microinterferometer CCI SunStar.

4. Factors affecting the uncertainty of roughness measurements

In spite of some attempts to devise a procedure for evaluating the quality of surface
texture measurement, and thereby expressing its uncertainty, there is still no easily
understood, generally accepted and complex one. The published proposals are over-
simplified and limited to a certain group of measuring methods. Also, the method-
ology of estimating the impact of each factor affecting the measurement reliability
remains unclear or even biased.

The Ishikawa diagrams presented in Fig. 8 − 10 outline how different attitudes
towards defining the issues influencing surface roughness measurement uncertainty
are proposed by various standardization organizations and research laboratories. It
is worth mentioning that these recommendations are limited to the tactile methods;
for the optical ones there are no suggestions available yet.

At first sight, the solution suggested by the NIST seems to be insufficient. The
number of factors influencing roughness measurements is severely limited. Also, the
ones that should be considered in every experiment, such as the ones connected with
environmental issues or a measuring instrument operator, remain unmentioned. At
the same time, the impact of some factors is evaluated twice. For example, the
influence of a calibration standard is regarded as crucial, but it has already been
taken into consideration when the impact of gauge calibration is assessed.

This proposal seems to be much more complex than the one outlined by Haitjema
(Fig. 9), but still some important issues are omitted when compared to the solu-
tion proposed at the Eindhoven University of Technology (Fig. 10). It is extremely
surprising, as both Haitjema’s and Morel’s recommendations were devised under the
supervision of the same person and both of them were published in the same year.
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Fig. 8. Factors affecting surface roughness measurement uncertainty according
to NIST (Vorburger et al., 2014).

There is no good explanation given by the authors for these differences.

5. Conclusions

The development of high-resolution surface topography measuring methods and its
expansion to non-industrial fields of research is not accompanied with an increased
credibility of the results obtained. There are no reliable procedures of evaluating
or expressing the uncertainty of such measurements. This issue is made even worse
as most of the metrologists are not aware of the necessity of performing them at
all. The presented differences between the results obtained with a use of different
measuring devices show that getting unbiased information and, therefore, expanding
our knowledge about the world in micro- or even nanoscale is impossible without
ensuring surface roughness measurements’ reliability.

In effect, in spite of it being a problematical task, providing engineers with a tool,
a complex measurement uncertainty evaluation procedure, remains one of the most
burning issues of precise metrology nowadays.

Fig. 9. Factors affecting surface roughness measurement uncertainty according
to Haitjema (Haitjema, 2006).
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Fig. 10. Factors affecting surface roughness measurement uncertainty according
to Eindhoven University of Technology Morel (2006).
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