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Tactile perception and Friction-induced
Vibrations: Discrimination of similarly
patterned wood-like surfaces

A. Jessica DACLEU NDENGUE, B. llaria CESINI, C. Jenny FAUCHEU, D. Eric CHATELET, E.
Hassan ZAHOUANI, F. David DELAFOSSE, G. Francesco MASSI

Abstract - The tactile perception of a surface texture is mediated by factors such as material, topography and vibrations induced
by the sliding contact. In this paper, sensory characterizations are developed together with topographical and tribo-tactile characterizations to
relate perceived features with objective measurements of tribological and dynamic signals. Two sets of surface samples are used in this
study: the first set is made of a commercial floor covering tiles that aim at counter-typing natural wood flooring, with both a visual and a tactile
texture mimicking wood. A second set is custom-made by replicating the first set using a plain purple polyurethane resin. The comparison
between tribo-tactile signals and sensory analysis allowed the identification of objective indices for textures with slight topographical differ-
ences. Even though the topography of the replicated samples is the same as their corresponding commercial products, the fact that the
material is different, induces differences in the contact and vibrational parameters. This in turn modifies the discrimination performances
during the sensory experiment. Tactile characteristics collected during sensory procedures are found to be in agreement with objective indi-

ces such as friction coefficients and induced vibrations.

Index Terms — Friction-induced vibrations, Tactile perception, Tactile tribology, Textured materials

1 INTRODUCTION

Touch is one of the senses we rely on for various daily
tasks. It provides accurate information about material and
surface properties [1], and is directly associated with the
“touch feeling”. Interest in tactile perception has been
growing during recent decades for many reasons: the
need for developing human-machine interfaces, virtual
reality equipment, touchscreens, etc. The human hand is a
very complex system, and a huge amount of literature can
be found in the different disciplines (like biology, psy-
chology, neurophysiology, biomechanics, etc.), that is
directly related to hand functions and touch. When a
finger scans the surface of an object, the sliding contact
generates vibrations that propagate in the skin and acti-
vate the mechanoreceptors. The friction-induced vibra-
tions are essential to the perception of surface properties
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such as roughness and softness, which are the main fea-
tures for the discrimination of surface texture [2-3-4-5-6].
The mechanoreceptors transduce the stress state (mechan-
ical signals) into electrical inputs (electrical signals),
which are sent to and coded by the brain. Tactile sensing
involves different types of units, made of afferent fibers
connected to end organs such as Merkel disk, Meissner
corpuscles, Ruffini endings and Pacinian corpuscles
(Fig.1). They are located at different depths in the skin,
ranging from the epidermis (Meissner corpuscles) to the
subcutaneous fat layer below the dermis [8-9].

Fig.1. Induced vibrations when scanning a surface and the mecha-
noreceptors with their frequency range of activation. Reproduced
from [7] with permission from the publisher Sinauer Associates Inc.

Previous work [10-11-12] has shown some correlations
between surface properties and friction-induced vibra-
tions when a fingertip scans a surface. By mapping the



spatial distributions of vibrations propagating in the skin
of the dorsal region of the hand during different manipu-
lation tasks and analyzing their intensity and energy con-
tent, it was possible to obtain information regarding the
type of interaction and manipulated object’s characteris-
tics [13]. The detection and reproduction of vibration
signals caused by a tool-surface contact have been em-
ployed to create virtual textures [14]. The frequency dis-
tribution of the vibrations [9] was correlated with the
“duplex perception mechanism” [5-12]. The range of the
contact pressure used by humans for exploring surfaces
[15] has been correlated with the stability of the vibration
amplitude with the load [11]. Recently, different tactile
descriptors (fibrous, relief, blocking) have been associated
with objective indices derived from measurements of the
induced vibrations and friction coefficients [16].

The tactile perception of wood-based materials has previ-
ously been the subject of research. The tactile attributes of
wood and wood-based composites were investigated in
[17]. The most significant differences between the samples
were found for roughness and for the descriptors reliable,
natural and solid. Another study [18] compared samples
derived from objects of biological origin (human skin,
wood), artifacts of biological origin (natural fabric, plush-
ie) and objects made of non-biological materials (glass,
metal). They found a strong correlation between the per-
ceived attributes and the frictional properties of the mate-
rials.

This paper aims at highlighting the essential contribution
of friction-induced vibrations to the perception of textures
and suggests the possibility identifying objective measur-
able indices that can give insights into the discrimination
strategy adopted by humans. Such indices could contrib-
ute to the characterization of the mechanical stimuli that
are at the first stage of human perception, which is a nec-
essary condition for recovering, understanding and re-
producing “tactile signals”. The influence of the texture of
wood-like surfaces on individual perception is investigat-
ed.

2 MATERIAL AND METHODS

2.1 Surface Samples

Two sets of samples were used in this work, in order to
study the tactile effects elicited from texture and from
material. The first set was made of commercial floor cov-
ering tile that aims at simulate natural wood flooring,
with both visual and tactile texture mimicking wood. A
second set of samples was custom-made by replicating
the first set of samples, using a plain purple polyurethane
resin.

2.1.1 Wood Countertype (WC) samples

This first set contained 9 rectangular (10*15.2 cm?) sam-
ples cut from artificial wood flooring tiles. The “wood”
flooring tiles are commercial products made of vinyl tiles
with a wood-like visual printing (Fig. 2a) and an ink-
surface topography similar to wood grains and fibers
(Fig. 2b). Since visual perception is not the aim of this
study, only tactile texture will be discussed in this paper.

2.1.2 Replica samples

The second set contained 9 rectangular (10*15.2 cm?)
samples. These samples were custom-made by replicating
each sample from the WC set using silicon molds and
polyurethane purple resin (Fig. 2c). This technique made
it possible to replicate the topography of the samples but
the material used in the (R) sample set was different from
the one used in the (WC) sample set.

(a) (b) ©

Fig.2. Picture of sample 3 (a) WC sample; (b) ink stamping of the
surface; (c) R sample.

2.2 Morphological characterization

Morphological characterization was performed using two
complementary procedures. Firstly, a topographical char-
acterization was conducted by means of a profilometer.
Secondly, a sensory approach was adopted to qualify the
perceived roughness. Note that the central area of each
sample was preferentially explored, thus the topograph-
ical characterization focused on these central areas. The
surface topography of both sets of samples was character-
ized using a confocal chromatic microscopy sensor from
AltiSurf© Manutech USD. For time and cost reasons, the
whole area of each sample could not be assessed. Howev-
er, a specific area (12-2 cm?) located in the middle of each
sample was defined for consideration. Eighty-one pro-
files, oriented along the transverse direction, were ex-
tracted from these areas and the average value (<Rgs>) of
the quadratic roughness parameters (R;) was calculated.
In parallel, a qualitative description of the surface topog-
raphy was assessed by seven human subjects. First, each
person was asked to individually categorize tactile fea-
tures (explored along the transverse direction). They
could identify each sample complemented with the corre-
sponding ink-stamping. The identification was through
verbal feedback on how they felt about the texture. Then,
these seven subjects were brought together in a group
session to work on a consensus description and name for
these topographical features based on their individual
results.

2.3 Sensory characterization
2.3.1 NappOmatic setup

The sensory experiment in this study aims at collecting
insights on the tactile perception of the two sets of sam-
ples. The procedure used here was adapted from Nap-
ping® [19] which is a descriptive method derived from
the projective mapping [20], originally developed for food
and beverages. In projective mapping, assessors are asked
to collocate the products on a large sheet of paper, accord-



ing to their similarities and dissimilarities. Projective
mapping serves as a simple and quick technique to obtain
product inter-distances. We developed a custom-made
setup, “NappOmatic”, to perform projective mapping
with samples of materials and textures under visual, tac-
tile and visual-tactile conditions [21-22]. The NappOmatic
setup is displayed in Figure 3. The mapping area was
defined as a square of 93 cm x 93 cm. For tactile tests, the
room was dark and the table was equipped with UV back
lights that enable to see the sample holder silhouette and
position, without seeing the texture and details of the
sample surface. In this setup, the assessor could easily
perform a tactile exploration of the sample surface and
position the sample on the table. The tabletop was made
of a translucent material and a camera, installed under the
table, took a picture of the mapping surface at the end of
each test. The back of the samples were tagged with QR
code printed on fluorescent paper to increase the contrast
under UV light and to enable the automatic extraction of
the sample positions, using software specifically devel-
oped for this task. For each assessor j, the data collected
are the coordinates Xj and Y of each sample i and de-
scriptors associated to the samples by the assessors dur-
ing the experiment. These data were processed by means
of a Multiple Factor Analysis (MFA) implemented in
SensomineR software [23-24]. MFA is based on a Principal
Component Analysis (PCA) and has the advantage of
allowing the structuration of the data in group to balance
the influence of the assessors in the analysis. From the
MFA analysis, for a given sensory modality, a mean rep-
resentation of the samples among the panel was extract-
ed. On this mean representation, confidence ellipses
around the position of each sample could be built. The
ellipses represent 95% of different possible positions that
can be taken by a sample [25]. In addition, the descriptors
cited by the assessors give indications as to how the sam-
ples were perceived. These descriptors also give insights
on the meaning of the axes deriving from the MFA.

Lights OFF
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Fig.3. NappOmatic setup for tactile perception of surface textures.

2.3.2 Test instructions

The assessors were instructed to arrange the samples on
the table, according to their perceived similarities and
differences. Samples that are perceived to be similar
should be close together, and those that are different

should be far from each other. After positioning the sam-
ples, the assessors were asked to give attributes, i.e.
words that qualify their own perception of the texture of
each sample or group of samples. They were not allowed
to lift the sample from the table, but the exploration
movements unconstrained.

2.3.3 The assessors

A panel of 18 untrained people participated in the tactile
perception test with each set of samples. The panel
consisted of 10 females and 8 males for both sets of
samples. It included: master's students, teachers,
technicians, administrators and PhD students. They were
all unaware of the purpose of the experiment, and they
had never been involved in a sensory test. They were all
volunteers, and did not receive any compensation for
their participation. They were all recruited within the
Ecole des Mines de Saint-Etienne.

2.4 Tribo-tactile characterization

The goal was to define measurable features (objective
indices) that assist the differentiating the samples in a
comparable manner, as in tactile perception tests.

2.4.1 TriboTouch setup

The experimental TriboTouch setup [9-11], shown in Fig.
4, was used. The samples were set on a guide which has
translational motion provided by two identical compliant
mechanisms, which hold a central base with force trans-
ducers and the sample holder. The compliant guides are
designed to enable the sample to move up to 100 mm.
They consist of two parallelograms. Bearings are replaced
by flexible hinges in order to avoid any other sliding con-
tact and to prevent possible parasitic vibrations, which
could compromise the measurements of vibrations rising
from the contact between the fingertip and the sample
surface.

{a)  Surface samples

(b}  Accelerometer

(e}  Force transducers

(d)  Linear voice-coil

() Charge amplifier
{dJ Digital servo drive
Compliant hinges
Compliant mechanisms

(e).  Fake finger
Acquisition

P e Compliant system

Fig.4. The TriboTouch setup.

The horizontal translation of the sample is obtained, using
a linear voice coil actuator controlled by a computer. The
sample position feedback is provided by a Transitor-
Transistor-Logic (TTL) linear encoder that allows for clos-



ing of the control loop (0.5 pm of resolution). The Tri-
boTouch setup collects the contact forces and the friction-
induced vibrations produced by the sliding contact be-
tween the finger of the operator and the surface of the
sample. The forces exchanged between finger and surface
are measured by two tri-axial force transducers (Kistler,
model 9017B). Normal and tangential forces provide an
estimate of the mean friction coefficient during the sliding
contact. Before reaching the acquisition system, the de-
tected signals are sent to the charge amplifiers (Kistler,
model 5007). An accelerometer is placed on the nail of the
operator and secured there with a light wax layer. The
accelerometer recovers the vibrations generated by the
fingertip as it scans the sample surface. In rare instances
when it is not possible to detect the vibrations at the con-
tact interface, the measurement at the fingernail makes it
possible to collect the spectrum distribution of the overall
induced vibrations.

2.4.2 Test Conditions

Each sample of the WC and R sets was positioned on the
TriboTouch, and was explored with the right-hand index
finger at a constant scanning speed. The finger axis was
parallel to the scanning direction during the tests. The
finger in contact with the horizontal surface was inclined
at an angle of about 20° (Fig. 5), resulting in application of
a normal force of about 0.5 N throughout the stroking
motion (only tests with a variability of maximum +0.05 N
were accepted). The fingertip was cleaned with an alcohol
solution before each measurement and the inclination
angle of the finger was ensured by means of appropriate
arm support. The acceleration at the fingernail and the
forces were measured using an OROS35 data acquisition
system, with a sampling frequency of 5 kHz. A stroke of
60 mm with a speed of 20 mm/s was set to control the
movement of the guide. The region of interest for the test
was the center of the sample (starting at 45 mm from the
edge), which was the preferential exploration area during
the NappOmatic experiment. A cycle of 2 strokes (out-
ward and return), with constant acceleration and deceler-
ation at the beginning and at the end of the stroke, was set
on the test bench. A constant velocity was maintained in
the middle of each stroke. Only the signals acquired dur-
ing the constant velocity phase of the outward stroke
were considered for the purposes of this analysis. The
strokes analyzed began with the finger at a distance of 55
to 95 mm from top of the sample (40 mm covered in a 2-
second time lapse).

Fig.5. Wood countertype (a) and replica sample (b) on the Tri-
boTouch setup.

The offline-processing was performed using MATLAB to
obtain the plot of the parameters of interest and calculate
the different indices that could be associated with surface
perception (Fig. 6). The tests were replicated at least 3
times in order to verify the consistency of results. Results
with low standard deviations were found to be of high
repeatability and were kept for the analysis.

3 RESULTS AND DISCUSSION

Based on the various approaches used to characterize the
two sets of samples, different parameters were extracted.
Firstly, the morphological characterization provided the
overall roughness of each sample, represented by the
mean quadratic roughness <Rs> (um), and a qualitative
description of topographical features. Secondly, the Nap-
pOmatic experiments furnished the mean representation
of the tactile perception of the samples. Finally, the Tri-
boTouch tests gave tribological and vibrational indices for
each sample. In this section, the complementary data are
compared.

3.1 Morphological analysis

In order to assess the quality of the replication procedure,
the average value (<Rg>) of the quadratic roughness pa-
rameters (R;) obtained from the eighty-one profiles was
calculated. Figure 6b shows the comparison between
<Rg> values obtained for WC samples and R samples. The
<Rg> values of all the samples, including WC and R sets,
are between 4 pm and 7 um. These measurements confirm
that the replication procedure is adequate and that it
makes it possible to efficiently replicate the surface topog-
raphy of the WC samples. Therefore, the surface topogra-
phies of WC and R samples are considered to be similar.

As illustrated in Fig. 2b, the surface topography of all the
samples is for the most part oriented. In Fig. 6a, a profile
extracted from sample 5SWC shows that the surface topog-
raphy is made up of valleys and peaks of different widths
that represent the wood grain. The average height <H.>
of the highest peaks and lowest valleys, calculated based
on over one hundred values, was found to be about 250
pm. In addition, the profile shows that a finer texture is
noticeable over the large valleys and large peaks. This
fine texture is also oriented as illustrated by the profile
(Fig. 6a) and represents the wood fibers. An average
height <Hp> of 50 pm among the highest peaks and low-
est valleys of these sampling areas was calculated based
on over one hundred values. Note that all samples exhibit
similar features on their surface topography. For both of
the texture features (wood grain and wood fibers), the
spatial period is greater than 100 um, which means that
these samples can be considered “coarse” according to the
duplex perception mechanism. Fig. 7 depicts a graphical
representation highlighting noticeable features of the
surface topography of the different samples classified by
the seven assessors. The features identified are the result
of a combination of the visual aspect and the induced
tactile perception. The identified features were classified
in four categories. The first, type C, perceived as the
smoothest, accounts for the areas with large peaks and



valleys (wp 24 mm and/or w, = 4 mm). The second cate-
gory (type A), perceived as the roughest, is characterized
by alternating narrow valleys (1 mm < w, < 2 mm) and
peaks (1 mm < wy, <2 mm).
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Fig.6. (a) Surface profiles; (b) Histogram representing the overall
sample roughness.
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A third category (type A’), characterized by narrow peaks
(1 mm < w, < 2 mm) in large valleys (4 mm < wy), was
also perceived as rough. The rest of the sample surface
was considered “background” (type B). It was character-
ized by the alternation of both wide valleys (2 mm < w, <
4 mm) and peaks (2 mm < w, < 4 mm). This “back-
ground” was perceived as having a medium roughness.
In order to transcribe the tactile perception of each topo-
graphical feature, an additional experiment was per-
formed. Covers were added on the surface of the R sam-
ples, exposing only a small 4x4 cm? area of the sample to
the assessor. Twelve areas representing all three types
were presented. Then an unconstrained sorting task was
conducted on these areas using a group of 11 participants.
They had to classify the areas according to their perceived
“feel”, from the smoothest to the roughest. The average
ranking, calculated based on all the participants, con-
firmed the ranking obtained from the consensus group.
Based on the consensus group session and the uncon-
strained sorting task experiment, a graphical representa-
tion was proposed, with areas of type B in grey, type A in
red, type A’ in red with blue dashes and type C in blue
(Fig. 7). This representation highlights similarities among
samples. For instance, Samples 1 and 6 are very similar
and the threesome of 2, 4 and 8 exhibits an alternation of
red areas (rough) and blue areas (smooth).
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Fig.7. Perceived roughness description along the sample length.

3.2 Tactile sensory analysis

From the sensory experiment, mean representations ob-
tained through the MFA are associated with respective
confidence ellipses in Fig. 8. The R map exhibits larger
ellipses and a higher degree of overlapping than the WC
map, which might indicate that discrimination perfor-
mances of the assessors for the R campaign are lower than
for the WC campaign. In other words, the samples were
perceived to be very similar. Nevertheless, the WC maps
allow us to distinguish two groups of samples along di-
mension 1: on the left there is a group with samples 3WC,
5WC, and 7WC, and on the right is a group with samples
1IWC, 2WC, 6WC, 8WC, and 9WC. Sample 4WC lies in
between. On the R map, such distinct groups are not visi-
ble, however, it can be noted that samples 3R, 5R, and 7R
also lie on the left of dimension 1.

L
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Fig.8. Confidence ellipses around the positions of WC (a) and R (b).

During the tests, assessors provided verbal feedback to
qualify the perceived textures, spoken in French and later
translated into English. Words with close meanings and
synonymous words were combined under a single word
(the descriptor) using the dictionary of sensory words



[26]. For example, the words “rough”, “granular” and
“not smooth” were put under the descriptor “rough”. 14
descriptors from a list of 66 words were defined for the
WC campaign, and 9 descriptors from a list of 57 words
were defined for the R campaign. Descriptors frequently
used expressed general characteristics of samples that
could be used for any texture. Those were rough,
grooved, soft and relief. Insights on the meaning of the
axes of the mean representation and, therefore, on the
discrimination criteria chosen by the assessors during the
NappOmatic tests can be obtained based on the mean
representations derived from the MFA analysis of the WC
and R campaigns associated with the descriptors provid-
ed by the assessors. To address this issue, coordinates on
the mean representations were associated with each de-
scriptor. For a given descriptor, the frequency of occur-
rence was filed for each sample. The descriptor’s coordi-
nates were then determined based on their barycentric
coordinates, which had been calculated using the coordi-
nates of the sample, weighted in turn by its frequency of
occurrence. The map was obtained by projecting these
coordinates onto the mean representation, labeled with
the associated descriptor (Fig. 9).

The WC descriptor map shows that dimension 1 divides
the samples into smooth and rough. This dimension
seems to be the most discriminative. Samples 3WC, 5SWC
and 7WC lie on the left and are perceived as the smooth-
est. This is consistent with the overall roughness meas-
ured using the profilometer (Fig. 6b), according to which
those samples do, indeed, exhibit low roughness. In addi-
tion, this descriptor map can also be studied in relation to
the perceived roughness descriptions depicted in Fig. 7.
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Fig.9. Descriptors map for WC (a) and R (b)

Different combinations of patterns were observed in the
central area of all the samples. It appears that the three
samples in question (3WC, 5SWC and 7WC) exhibit a se-
quence of type B followed by type C. In the end, this
topographical sequence was perceived as the smoothest
among the samples provided. Samples 1IWC, 2WC, 4WC,
6WC, and 8WC, on the other hand, lie on the right of the
descriptor map, and were therefore described as rough.
This result was also consistent with the topographical
pattern description presented in Fig. 7. These samples
exhibit sequences of type A or A’ followed by type C.
Such sequences highlight the fact that a contrast between
a rough pattern (A, A’) and a smooth one (C) might give

rise to a perception of greater overall roughness.

The descriptors in the R descriptor map do not allow us
to clearly assign meaning to the MFA dimensions. Note
that the “smooth” descriptor was still on the left of di-
mension 1. The results of the sensory analysis presented
were in agreement with the perceptual dimension of tac-
tile texture reported by Okamato et al. in their paper [27].
According to them, roughness/smoothness is one of the
three prominent psychophysical dimensions (fundamen-
tal dimensions) of tactile texture perception. This dimen-
sion was found to be the most discriminating factor for
the WC samples.

3.3 Tribo-tactile analysis

Using the TriboTouch setup, the accelerometer, placed on
the fingernail, makes it possible to acquire the accelera-
tion signal of the vibrations produced by scanning the
fingertip over the surface (Fig. 11a). Fig. 10 shows an
example of the contact forces and friction coefficient
measured during the “touching” phase (9WC) with con-
stant velocity. The normal and tangential forces were
almost constant and so was the friction coefficient.
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Fig.10. Normal and tangential forces, with the respective friction
coefficient, as measured during tactile examination of sample SWC.

The collected data provided information about character-
istic aspects of the touched surfaces, with the aim of de-
fining objective indices to discriminate the samples, thus
making it possible to relate those objective indices to the
NappOmatic results. Several indices would then be able
to be calculated from the tribological and dynamic sig-
nals, including the root mean square of the acceleration
(accRMS, Fig. 11c), the mean values and standard devia-
tion of the force signals. The acceleration RMS was calcu-
lated at time intervals of 0.1 seconds.

3.3.1 Materials effect

As expected, for a given set of samples (WC or R), the
friction coefficients are very similar between samples in
the same campaign (pwc = 0.89 = 0.068 and pr = 0.71 %
0.06). Such behavior is also observed for the RMS
acceleration, accRMSWC = 0.61 + 0.08m.s-2 and accRMSR
= 0.31 + 0.04m.s-2. When comparing the same sample
numbers from the two different groups (R and WC
samples), and thus made of the two different materials, a
lower mean friction coefficient (about 20%) and a lower
mean acceleration RMS (about 50%) were measured for
the R samples, as shown in Figure 11. Therefore, based on



this instrumental vibrational approach, the R samples are
more difficult to differentiate than the WC samples. This
result is consistent with the ellipse maps (Fig. 8), and
might also confirm that the vibrational cues are used by
the assessors to discriminate the samples. Let us consider
a given sample number (9, for instance) that appears in
both groups WC (9WC) and in R (9R), for which we
observe that the friction coefficient and RMS acceleration
of the R sample are lower than those obtained for the WC
sample (Fig. 11). Note that this trend exists across all
sample numbers. Considering that the topographical
characteristics of the surface are identical, the lower
friction coefficients could be directly related to the
differences in material properties. To further explore the
relationships between tribological indices and sensory
results, we will hereafter focus on the WC sample set.
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Fig.11. Comparison between the 9WC and the 9R acquired acceler-
ation signals (a), friction coefficient (b) and RMS acceleration (c).

3.3.2 Relationship between morphological, sensory and tribo-
tactile approaches

A comparison between morphological, sensory and tribo-
haptic results was performed. For the WC samples, a
strong relationship between tactile perception and vibra-
tional parameters was found.

*  Relationship between sensory discrimination along
dimension 1 and RMS acceleration index

On the ellipse and descriptor maps (Fig. 8), dimension 1
carries 36% of variability and divides the samples into
two main groups, the smooth samples on the left and the
rough samples on the right. This observation is consistent
with the trend observed in the RMS acceleration behavior.
The temporal variation of the RMS was then analyzed. In
particular, the standard deviations over time were calcu-
lated (Fig. 12b). For samples 3WC, 5SWC, and 7WC, the

standard deviation is below 0.1 m.s? and, as illustrated
for 7WC, the RMS acceleration is almost constant. For
samples TWC, 2WC, 4WC, 6WC, 8WC, and 9WC, the
standard deviation is above 0.1 m.s2and, as illustrated for
6WC, the RMS acceleration shows large variations.
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Fig.12. Time variation of the acceleration RMS for samples 7WC (a)
and 6WC (b). Standard deviations of the time trend of the accelera-
tion RMS for the samples belonging to the two groups (light and dark
gray bars) of WC (c).
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This result can be interpreted in terms of smoothness of
the surface. Indeed, a low standard deviation of RMS
acceleration (Fig. 12c, light grey bars) provides evidence
of a low roughness contrast between patterns within the
explored surface. On the descriptor map, samples 3WC,
5WC and 7WC are gathered into a group qualified as
“smooth”, which was confirmed by the perceived rough-
ness description presented in Fig. 7. On the contrary, high
standard deviation of RMS acceleration (Fig. 12¢c, dark
grey bars) bears witness to a high roughness contrast
between patterns within the explored surface. Samples
1IWC, 2WC, 4WC, 6WC, and 8WC lie on the right of the
descriptor map and are therefore described as rough. This
is also consistent with the perceived roughness descrip-
tion presented in Fig. 7. These samples exhibit sequences
of type A or A’ followed by type C. Such sequences high-
light a contrast between a rough pattern (A, A’) and a
smooth one (C), which might produce a perception of
greater overall roughness.

*  Relationship between sensory discrimination along
dimension 2 and friction coefficient

On the ellipse and descriptor maps (Fig. 8), dimension 2
carries 18% of variability. This dimension does not clearly
discriminate the samples based on descriptors. How-
ever, as an attempt to qualify the perceptive meaning of
this axis, the sample positions along that axis were com-
pared. To do so, samples with large confidence ellipses
oriented along dimension 2, i.e. with large variability of
position along that axis, were discarded 2WC, 6WC,
8WC and 9WC). Note that sample 1WC exhibits a large
confidence ellipse but was kept in this analysis because it
is located at the extreme top of the map. As a result, it was
samples 1TWC, 3WC, 4WC, 5WC and 7WC that were con-
sidered. Fig. 13 plots the y-coordinates of these samples



along with the corresponding mean friction coefficient. It
appears that the friction coefficient is well correlated to
dimension 2, in that it increases along that dimension.
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Fig.13. Friction coefficient increasing along dimension 2 (Y axis).

3 CONCLUSION

In this study, samples with oriented coarse textures mim-
icking wood grain and wood fibers were analyzed. They
were made of two different materials. Different ap-
proaches were used to analyze and discriminate the sam-
ples. A sensory setup (NappOmatic) provided maps to
represent the tactile perception of the samples, while a
tribo-tactile setup (TriboTouch) allowed the sliding con-
tact to be reproduced and permitted the measurement of
contact forces, friction coefficient and friction-induced
vibrations. The analysis of the acquired signals allowed
for the identification of tribological and vibrational indi-
ces in agreement with the perceived features of the sam-
ples. On the sensory map, the samples were preferentially
divided along a smooth-rough axis (x-axis, dimension 1,
WC samples). This axis was found to be related to the
RMS acceleration collected using the tribo-haptic setup. In
addition, the y-axis of the sensory map was found to be
correlated to the value of the friction coefficient.

Comparing the results obtained using the two different
materials, a lower friction coefficient was measured for
the R set of samples in comparison to the WC samples. In
addition, lower discrimination performances were ob-
served during the sensory experiments involving the R
set with respect to the WC. In the WC set of samples, a
larger friction coefficient was measured and fairly good
discrimination performances were observed during the
sensory experiment. This result suggests that the reduc-
tion of the induced vibrations caused by a lower friction
coefficient contributed to degrading the discrimination
between the different samples. The results presented in
this work highlight the main role of friction-induced vi-
brations in the perception of textured surfaces, and sug-
gest the possibility of deriving objective indices that
would make it possible to discriminate surface properties
in a way comparable to tactile perception. It should be
noted that the analysis was performed on samples that
are extremely similar to each other from a tactile point of
view, and the slight difference is associated with the dis-
tribution of the patterns on the overall surface. Neverthe-
less, even within this particular set of samples, the indi-
ces, derived from friction-induced vibrations, were shown

to be consistent with the tactile discrimination of the
samples.
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