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NOVEL STYLUS METHOD FOR MEASURING
PAPERS TOPOGRAPHY
MOŽINA, K.
Abstract: Papers topography is of great importance primarily to the printability. Since
papers rarely end as a blank sheet, it is therefore significant how will the print-outs
appear. Paper topography was evaluated with standard stylus technique, i.e.
profilometer TR200, novel contact stylus method, i.e. »Instron« and non-contact
method, i.e. 3D laser scanning microscopy. Because of the high processing velocities,
the non-contact techniques are industries preferable way of performing standard
measurements. In case of a paper production, paper mills have one mayor problem
with on- or off-line optical measuring units. Since the nature of the paper production
is overall mixture of water, calcium carbonate, latex etc., particles, i.e. fuzz, that is
present in the surrounding atmosphere along the paper machine, therefore surface of
optics on measuring on-line unit tends to get dirty and capturing accurate data is due
to the working environment aggravated. Consequently, the novel stylus method has
been developed for measuring paper roughness. In the basic, the novel method is an
upgrade of standard technique used on dynamometers for measuring friction force.
Afterwards the friction force is transformed into the parameters, normally used when
presenting surface roughness, i.e. Ra, Rq, Rp and Rv.
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1. Introduction
Surface topography is of a great importance to many industrial metrology, i.e.
contact mechanics, fluid flow, optics, electronic, bio-engineering and paper production
as well (1 = Persson, 2006, NOVO = Maculotti et al, 2018). Currently are available
diverse measuring methods for determining the common standard parameters, R a, Rq,
Rp, Rv and are generally divided into two categories according to whether or not the
measuring probe touches the surface of the test piece, i.e. contact and non-contact
techniques (2 = Asakura, 1978; 3 = Asl-Kindi & Shirinzadeh, 2009). Papers
topography measured with profilometric method has been in the past most commonly
used standard technique. But the profilometric method has two major drawbacks: first,
it often damages the papers surface, which is due to the trace of the narrow diamond
stylus and second, it measures only the average surface peak and valley, independently
to the correlation of the length of the path or to the average gradient of papers
topography.
Overall the correlation length and average gradient can be calculated after the
measurement, if the electronic signal from the profilometer is obtained (4 = Ohtsubo
et al., 1975). Because of the two mentioned drawbacks, substantial investigations on
non-contact, i.e. optical methods have been proposed. Kiran et al. (5 = Kiran et al.,
1998) used a measure unit called texture unit, where the surface topography was
calculated from the grey scale of the captured image. The proposed technique is limited
to a small surface area and therefore it has not been used in engineering purposes. Tasan
et al. (6 = Tasan et al., 2005) proposed a wear measuring technique which is based on
the local surface heights of a larger number of captured images and in the end overlaid
and evaluated upon the average values of peaks and valleys. Al-Kindi et al. (7 = AlKindi et al., 1992) combined spacing and amplitude parameters obtained from the grey
level profiles to calculate the surface roughness. Overall, the tree mentioned technique
did not meet the expectations for measuring the surface topography, because they were
not robust methodologies that could be adopted for computer vision-based roughness
assessment. Several other optical methods and applications to measure the surface
topography have been developed and implemented in the laboratories and on-line
measuring units, among which are widely used interferometry (8 = Wyant et al., 1980),
light scattering (9 = Bennett, 1992), focus (10 = Mitsui, 1986), airborne ultrasound (11
= Stor-Pellinen & Luukkala, 1995) and as already mentioned, speckle method (2 =
Asakura, 1978; 12 = Persson, 1999).
Paper with its complex structure of cellulose fibers distributed at multiple levels
and surrounded predominantly with filler, i.e. GCC, creates a network that can be wide
from few nanometers and it can be as big as few centimeters. The hierarchical ordering
is formed during the paper production on the paper machine, where the specific
interactions within the papers network can be turned by modifying pulp composition
and crucial parameters on paper machine, i.e. the speed of a stock inlet and wire.
Because the individual fibre and network properties do affect the final paper
performance and may often be floculated or anisotropically distributed the end result
is reflected in physical-mechanical characteristics and surface topography (13 = Samyn
et al., 2011; 14 = Alava & Niskanen, 2006; 15 = Kortschot, 1997; 16 = Baghello &
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Eklund, 1997; 17 = Koran & Silvy, 1986). Complexity of anisotropy is not only
presented as the bulk in paper, it also manifests as the surface disparity and it
determines end properties, i.e. visual appearance (colour, gloss, flatness), printability
(capillary rise, ink absorption and drying), processability (friction) and barrier
resistance (water absorption, gas and grease penetration). Therefore, monitoring papers
topography is of great importance for quality control of production line and above all
it provides insight on how to improve surface properties (18 = Kettle et al., 2010; 19 =
Johansson et al., 1998; 20 = Dury Bruna et al., 2006; 21 = Despond et al., 2005; 22 =
Reis & Saraiva, 2006; 23 = Alam et al., 2012).
Surface topography affects papers optical properties, i.e. gloss and ink absorption.
Smoothness is closely related to the uniform transfer of printing ink; therefore, paper
surface is an important physical quality of evaluating papers convex or concave
deviation. Paper topography can also be closely related to the properties of individual
pigment particles and fibre disposal in the paper and it is also related to the shape,
variety, position and fines of the web network. Overall the paper smoothness is the
result of paper formation (24 = Aguilar et al., 2009; 25 = Zhou et al., 2012; 26 = Juuti,
2007). Representatives of direct off-line analysis methods for measuring paper
topography are currently Bendtsen, PPS, Buick, while non-standardized, on-line
alternative for indirect measuring techniques are a combination of optical and
ultrasonic methods.
Optical methods are divided into two categories, i.e. the ones that determine the
roughness/smoothness by means of Fourier transformation analyses (24 = Aguilar et
al., 2009), and those based on 3D visualization determined on optical coherence
tomography (27 = Alarousu et al., 2005). It should be pointed that listed optical
methods are very expensive, i.e. in terms of economical and computational terms. On
the other hand, the ultrasonic methods consist of measuring ultrasonic impedance and
mass specific ultrasonic attenuation provided by paper surface which can be correlated
to surface roughness (28 = Brodeur et al., 1993). Most common off-line analysis
technique is stylus tracking method, beside the microscopy, pneumatic and light
scattering. When acoustic and stylus techniques are compared, the acoustic has the
higher scanning speed and does not provide the actual profile, on the other hand, the
stylus contact method has a slower scanning speed, where the actual profile can be
obtained (29 = Hiziroglu, 1996; 30 = Tammineni & Reddy Yedula, 2014).
Therefore, the stylus technique is widely used when the surface roughness is
discussed and that is due to its accuracy, practicality and most important, repeatability.
Parameters such as the stylus tip radius, the friction and the cut-off length of the profile,
i.e. a filtering parameter that separates unfiltered actual profile into waviness and
roughness profiles, have a great effect on the accuracy of the results (29 Hiziroglu,
1996; 31 = Ostman, 1983; 32 = Peter & Cumming, 1970).
2. Experimental part
2.1 Materials
Paper samples, taken from different production steps, i.e. base paper (B = 57 g/m2),
coated (C = 78 g/m2) and calandered (CA = 78 g/m2) were evaluated with tree
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measuring techniques. On each paper sheet, 5 measurements were performed in
machine direction (MD) and cross direction (CD), but only the results for MD are
demonstrated in the paper. Studied papers are produced for purposes of flex packaging
(label paper), for which the surface smoothness is of great importance, i.e.
predominantly printability.
2.2. Measuring techniques
2.2.1 Stylus technique
2.2.1.1 Hand held roughness tester TR200
Macro roughness of papers was measured with hand-held roughness tester TR200,
Portable TestersTM. A stylus is tracked across the papers surface, where at the regular
interval, the amplitude of the fall and raise is recorded. The light weighted load is
applied on the relatively large diamond stylus tip, 15,4 m (Fig. 1), which is designed
not to distort the specimen surface during the measurement.

Fig. 1. Diamond stylus tip on the TR200.
According to ISO 4287 standard (33 = ISO 4287, 1997), cut-off length was
selected to be 2,5 times the peak-to-peak spacing of the profile roughness. Therefore
at least two minimums of two peaks and valleys can be covered within each cut-off
length. If selecting the wrong cut-off, it may result in an inaccurate calculated
roughness parameter, i.e. Ra, Rz and Rmax.
Considering mentioned, the overall profile is leveled and that the height, hi, is
measured at N locations along the profile length, L, then the surface roughness is
numerically calculated as:
N

1
Ra = ∑|hi |
N

(1)

i=1

Where the root-mean-square deviation of profile is calculated as:
N

1
2

1
Rq = ( ∑ h2i )
N
i=1
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2.2.1.2 »Instron« method
Developing novel stylus method originates from the fact that standardised method, i.e.
TR200, has the limited measuring length (0,25, 0,80, and 2,50 mm). Paper is a
heterogeneous material. Therefore, to be able to measure over the set-up length, i.e.
above 2,50 mm, was the primary cause in developing new contact measuring
technique. Since the profilometers, i.e. TR200 are constructed to measure friction of
the stylus crossing over the media surface and record the friction force, the idea was,
can it be done differently. It can be done, but some modifications of existing measuring
equipment, dynamometer Instron 5567, were necessary. First the method had to be
modified to the profilometer in a way, that the special metal stylus (Fig. 2), had a tip
of the stylus size as it is at TR200.

Fig. 2. Instron stylus tip.
Stylus mounted on a wheel carrier (Fig. 3), is moving along the paper surface
without acceleration. The cart was connected via the pulley to the dynamometer with
the thin string, which was unexpandable and had neglected mass. Therefore, due to the
low mass of the cart, the »noise« that would appear if the mass of the wheel carrier and
the string would be significant higher, can be ignored. Also, the wheels on the cart do
not cause and friction with the surface, i.e. spinning is sleek. Friction force is only
induced by the contact between the stylus and the paper surface.

Fig. 3. The structure of the wheel carrier.
On account of uniform movement of the cart, the 1 st Newtonian law can be
introduced in to the salving of the problem. It can be easily concluded that the total
sum of the forces influencing on the moving or idle wheel carrier is equal to 0, i.e.
F = Ff and Fg = FN, where is Ff − friction force, Fg − gravity force and FN − force to the
surface.
On the basis of the stylus kinetics, the height difference, alteration in path and
speed (Fig. 4) the height distinction, h, (Eq. 3):
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∆h = h2 − h1 = hB − hA = hB

(3)

and the path discrepancy, s, can be calculated, (Eq. 4).
∆s = s2 − s1 = sB − sA

(4)

Fig. 4. Stylus kinetics.
Velocity, v, is held constant over the entire path, i.e. 5, 10, 20, 30 cm. Energy
variation, caused by the stylus on the transition from point A to B is equal to the work
caused by the friction force.
∆W = AF

(5)

When measuring surface topography, the height change, h, is of the primary
interest. Therefore, when taking everything into consideration, the end equation, from
which the noted Ra can be derived, can be written as:
v2
h i = μi s −
i
2g

(6)

Equation 6 explains the transformation from the novel »Instron« method to the
profilometer TR200 measured standard values of average roughness, Ra, as written in
Eq. 1. The set-up speed at Instron dynamometer was 60 mm/min, for the length of
30 mm.
2.2.2 3D laser scanning microscope technique Keyence VK-X250
The 3D laser scanning microscope is as the name suggests mainly used for 3D surface
analysis and characterization, unlike conventional optical microscopes. By
incorporating two light sources, i.e. a white light for gathering color and a laser source
for scanning the surface of an object and collecting detailed height information. The
paper surface is scanned with a microscope, while the laser scan in all three dimensions,
i.e. XYZ, to collect the data throughout the entire specified range. The output is a highresolution, large depth-of-field, color image with nanometer-level height resolution for
accurate profile and roughness measurements. Specimens were scanned with standard
objective lens, 50 , brightness, 7200 and optical zoom, 1 , on wired side of the paper,
i.e. coated side of the paper.
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3. Results and discussion
Results of the surface topography values of studied label papers are presented in Tab. 1.
R [m]
Specimen

 [g/cm ]
3

B

0,76

C

0,97

CA

1,17

Instrument
TR200
VK-X250
Instron
TR200
VK-X250
Instron
TR200
VK-X250
Instron

Ra

Rq

3,784
1,617
1,175
1,253
0,691
0,428
0,640
0,355
0,423

4,701
2,021
1,527
1,557
0,847
0,572
0,838
0,459
0,587

Rp

Rv

10,786
3,782
4,265
3,139
1,801
1,380
1,792
0,933
2,176

13,758
5,044
6,622
4,319
2,101
3,125
2,666
1,232
2,595

Tab. 1. Surface topography of all three measuring techniques and papers.
In general, the lowest values are measured with the Instron method. In average,
over the studied paper samples (base (B), coated (C) and calandered (CA)), the R a is
0,675 m, while the highest values are measured with the standard profilometer TR200,
i.e. 1,892 m or 64,3 % higher than the Instron method. Therefore, we can see from
Table 1 that the novel contact stylus method is in closer relation to the 3D laser
scanning method than it is to the standard stylus technique. If we compare the
difference in measured, i.e. average roughness, Ra, the clear interception between the
3D scanning microscope and the Instron method can be observed (Tab. 2).
Discrepancy
Specimen

B

C

CA

Method
TR200
VK-250
TR200
Instron
VK-250
Instron
TR200
VK-250
TR200
Instron
VK-250
Instron
TR200
VK-250
TR200
Instron
VK-250
Instron

[m]

[%]

2,167

134,0

2,609

222,0

0,442

37,6

0,562

81,3

0,825

192,8

0,263

61,5

0,285

80,3

0,217

51,3

0,068

19,2

Tab. 2. Differences among the measurement techniques.
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The more the paper surface is treated (coated, calandered) the lower are
discrepancies among the techniques, ranging from over 200 % to a drop to 80 or even
50 %. When comparing the profiles presented in Fig. 5−7, it can be noticed the great
deviation in papers topography measured with different techniques on the same
surface. Although novel stylus method is based on the same physical foundations as
profilometer, i.e. recording vertical movement, it has more resemblance to the 3D laser
scanned measurements as it has with the contact profilometer.

base

coated

calandered

Fig. 5. Profile of surface roughness − TR200.

base
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calandered

Fig. 6. Profile of surface roughness − Keyence VK-X250.

base

coated

calandered

Fig. 7. Profile of surface roughness − Instron.
Therefore, one mayor conclusion can be extracted, i.e. the novel model, Instron,
is, as presented from the results, as good as the 3D laser scanning microscope
technique, but with one great difference. It costs less to build and run and it is more a
modular type, where the stylus and burden can be adjusted to the nature of the
measuring surface (paper, metal, wood, etc.).
4. Conclusion
The introduced novel contact method for measuring the surface topography, i.e.
Instron, has confirm that with a small upgrade of existing dynamometer (wheel carrier
and software), the developed technique can be used as an additional tool when an exact
measurement apparatus, e.g. profilometer or even one of the more expensive, noncontact method, e.g. 3D laser scanning microscope or another equivalent laboratory
equipment, are not available. The presented contact method has greater similarity with
the non-contact method as it has with the standard profilometer.
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Even though the presented results are optimistic, they need to be confirmed on
the variety of papers or even different kind of surfaces, e.g. metal, wood, rubber, etc.
Therefore, the presented results of a novel contact method, Instron, confirm the
accuracy of physical interpretation of surface nature, even better, it can be used to
measure surface topography with the precision of a laser profilometry.
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