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HIGHLIGHTS

GRAPHICAL ABSTRACT

« Tactile perception is investigated
from finger friction to brain
activation.

« Stress concentrations around
mechanoreceptors are affected by the
grating textures.

« Friction coefficient of finger increases
with increasing grating width and
spacing.

« P300 peak latency is related to the
difference between target and non-
target stimulus.

« P300 evoked by gratings is related
with tribological and mechanical
properties of skin.
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The formation of tactile perception is related to skin receptors and the cerebral cortex. In order to system-
atically study the tactile perception from finger friction to the brain response, a 32-channel Brain
Products system and two tri-axial force sensors were used to obtain electroencephalograph (EEG) and
friction signals during fingers exploring grating surfaces. A finite element finger model was established
to analyze the stress changes of the skin receptors during tactile perception. Samples with different grat-
ing widths and spaces were chosen. The results indicated that different gratings induced different stress
concentrations within skin that stimulated Meissner and Merkel receptors. Skin friction was affected by
gratings during the tactile perception. It was also found that P300 evoked by gratings was related with
the skin deformation, contact area, friction force, and stress around cutaneous mechanoreceptors. The
wider grating width generated larger skin deformation, friction force, and stress, which induced stronger
tactile stimulation. The smaller grating spacing generated higher vibration frequency, inducing stronger
tactile stimulation. The latency of the P300 peak was related to the difference between the textured tar-
get stimulus and the smooth non-target stimulus. This study proofed that there was a relationship
between the activation in brain regions, surface friction, and contact conditions of skin during the tactile

Abbreviations: EEG, electroencephalograph; ERP, event-related potential; SS-EP, steady-state evoked potentials; DOF, degree of freedom.
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perception. It contributes to understanding the formation process and cognitive mechanism of tactile

perception of different surface textures.

© 2019 The Authors. Published by Elsevier B.V. on behalf of Cairo University. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Nomenclature

P sample without texture
Wi sample with different grating width
i sample with different grating spacing

]

Introduction

Tactile perception is one of the five human senses. It plays an
important role for human beings in object recognition [1-3]. Dur-
ing feeling the texture of a surface, we usually move our fingers
across the surface to be able describe it in detail. It is hard to iden-
tify the texture when still [4]. This implies that the tactile percep-
tion depends on tribological motion between human skin and the
sensed surface. The formation of tactile perception is a complex
process of nerve conduction and processing. In the process of
touching, the vibration and deformation caused by friction stimu-
late sensory receptors in the skin. The sensory receptors detect and
transform this vibration and deformation to nerve action potentials
that are conveyed to the corresponding sensing area of the cerebral
cortex through the afferent nerve, spinal cord, and brain stem.
Finally, tactile perception is formed in the somatosensory cortex
[5,6].

The sensory receptors in skin are the main receptors of tactile
perception, and the cerebral cortex is the cognitive region for tac-
tile perception. Tactile perception is related to skin receptors and
the cerebral cortex. Currently, most research on tactile perception
focuses on the tribological and biomechanical properties of skin.
Tang et al. [7] studied the vibration and friction signals of skin dur-
ing tactile perception and extracted eight characteristic features to
represent tactile perception. Bhushan et al. [8] studied the effect of
skin cream on the tribological properties of skin and found the
amplitude of vibration decreased after cream treatment, leading
to smoother perception.

However, there is little research focus on cerebral cortex tactile
cognition. Research on tactile perception of materials based on EEG
and event-related potential (ERP) technology can skip the usual
tactile information transmission channels, such as human nerve
endings and muscles, and directly focus on the tactile formation
region of the brain [9,10]. Li et al. [11] studied the tactile percep-
tion of fingertips when touching sandpaper with different rough-
ness and found that there was a significant correlation between
friction perceptions and EEG signals. Moungou et al. [9] studied
the steady-state evoked potentials (SS-EP) under different ampli-
tudes of texture exploration-induced vibration and found that tex-
tures generating stronger vibration also generated SS-EPs of
greater magnitude.

It is known that EEG signals are usually accompanied by strong
background noise. The ERP technique obtains the event related
potentials evoked by surface texturing and further develops the
relationship between tactile perception and surface texturing
[12]. Among all the ERP components, P300, as a typical endogenous
component, has high connection with the brain cognitive process
[13]. It is generally believed that the amplitude and peak latency
of P300 are mainly affected by the probability of stimulation
[14]. Horiba et al. [15] applied ERP technology in fabric evaluation

and found the P300 amplitude in an uncomfortable state was
higher than in a comfortable state. Chen et al. [16] studied the
P300 potential based on different fabric materials and found that
fabric with a rougher surface induces higher P300 amplitude.

Tactile sensation of material properties can generally be classi-
fied into four fundamental dimensions: roughness, hardness, stick-
iness, and warmness [17]. Among the four perceptual dimensions,
the roughness dimension has been demonstrated that is highly
prominent perceptual dimensions of surface textures [18,19]. Sur-
face roughness is associated with several physical texture proper-
ties, including height differences, spacing between each texture
elements, and shape of texture elements [20]. Previous studies
have shown surface texturing can improve the tribological perfor-
mance of contact surface by serving as a micro-hydrodynamic
bearing in full or mixed lubrication, a micro-reservoir for lubricant
in starved lubrication, and a micro-trap for wear debris in lubri-
cated or dry sliding [21-24]. When hydrated skin contact with a
textured surface, the localised pressure perturbation produced by
the thin dispersed moisture layers can create a lift to reduce the
friction between the contact surfaces that is called micro-
hydrodynamics [25]. The micro-hydrodynamics phenomenon
was also been found in other biomaterials, such as hip joint [26]
and Keratin-based gecko feet [27]. Studies of tactile perception
based on ERP mostly focus on specific materials such as different
fabrics and paper with variable surface features. It is meaningful
to study the specific surface texture features that affect material
tactile sensation, as understanding these features can help explain
the human brain’s cognitive mechanics for tactile perception.

During tactile perception, the electrical system in brain will
respond to the changes in vibration, friction, and surface properties
between the perceived textured surface and human skin. There are
few related studies. The goal of this paper is to systematically
study the tactile perception from the surface textures, surface fric-
tion, stress response of the skin receptors, and neurophysiological
response of the brain. In this study, ERP and friction measurement
were carried out during fingers exploring grating surfaces. A finite
element finger model was established to analyze the stress
changes of the skin receptors during tactile perception This study
contributes to understanding the formation process and cognitive
mechanism of tactile perception of different surface textures. It
also provided an objective feeling evaluation method for skin
touched surfaces, skin cream, and fabrics by combining physiolog-
ical response of brain, skin friction, and surface properties.

Experimental methods
This research was conducted under the guidance of interna-

tional ethical standards [28] and was approved by our ethics com-
mittee. The experiments were conducted in accordance with the
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approved guidelines. We obtained informed consent from all study
subjects.

Test bed and samples

To ensure the synchronous triggering of events, a tactile trigger
device was designed that consists of two tri-axial force sensors and
one square-wave generator. The tri-axial force sensors were used
to obtain the friction force and touching normal load. The touching
normal load was changed into an electric pulse by a square-wave
generator that triggered the EEG system amplifier and marked
the start of touch. In this way, the synchronization of touching
action and EEG data collection could be ensured.

A test bed was designed. As shown in Fig. 1(a), the non-target
sample was placed on the pad, and the two target samples were

placed on the tri-axial force sensors. The height and the distance
between the three samples were consistent. During the test, the
assistant moved the slide rail to change the samples.

Sample without any grating texture was selected as non-target
sample and was represented by P. Samples with different grating
width and spacing were represented by W, and S; as shown in
Fig. 1(b). The sample materials are acrylic plates with Young’s
modulus of 3000 MPa and passion rate of 0.39. The gratings on
the samples were made by laser processing. The detailed parame-
ters of the samples were shown in Table 1.

Stimuli

An oddball paradigm was used to evoke P300 wave, which was
widely applied in the investigation of multiple cognitive functions.
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Fig. 1. Schematic of (a) test bed and (b) samples with different gratings. Blue and green color represented the gratings. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)
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Table 1
Grating features of samples.

Samples with width features

Samples with space features

Samples W, W, W3 S S, S3
Grating width (mm) 1 2.5 3.5 1 1 1
Grating spacing (mm) 4 4 4 10.7 4 15
Grating depth (mm) 1.5 1.5 1.5 1.5 1.5 1.5

The oddball paradigm usually requires two kinds of stimuli simul-
taneously, namely target and non-target stimuli [29]. In this para-
digm, presentations of sequences of repetitive non-target stimuli
are infrequently interrupted by a deviant target stimulus. P300
wave only occurs if the subject is actively engaged in the task of
detecting the target stimuli. During the test, the subject’s attention
was required to focus on the rarely presented target stimuli, while
the brain electrical response (EEG signals) to unexpectedly occur-
ring “novel” target stimuli is recorded and investigated [30]. This
method can reduce any extraneous neural activity and extract
the specific response to the target stimuli. The traditional oddball
paradigm has only two stimuli. Under this paradigm, it is impossi-
ble to directly compare the effects of two kinds of stimulation on
P300. Therefore, an oddball variation paradigm was chosen to
evoke P300 in this study. This mode allows one non-target sample
and two target samples. The non-target sample occurs more than
70% of the time, and the two target samples occur less than 30%
separately. The participants were required to respond to the feeling
of the two target samples. The sample test order used a pseudoran-
dom sequence that was not revealed to the participants. It included
a total of 120 stimulations (15 times for the two target stimula-
tions, respectively, and 90 times for the non-target stimulation).
In this study we want to study the brain response to the grating
textures, so the grating samples were chosen as target samples
and the non-textured sample (smooth sample) was chosen as
non-target sample.

To compare the tactile perception of two different kinds of grat-
ing samples, six group tests were carried out as shown in Table 2.

Participants

Twelve healthy, right-handed male undergraduates from China
University of Mining and Technology, 23-27 years (mean + stan-
dard deviation =24.7 + 1.2 years), took part in this study. Hair
was cleaned before the test. Informed consent and personal infor-
mation were obtained before the experiment. The task was to feel
the surface gratings. Training was given to all participants before
the test. The training samples were different from the formal test
samples. In training, the participants (ears covered and hands free)
were asked to use their right index finger to slide along the sample
surfaces with a constant normal load about 1.5 N and a 20 mm
sliding distance for 0.5 s. A touch was considered one stoke. After
the first touch test, the participants lifted their finger, and waited
for approximately 1.5s for the next touch. Therefore, one trial
lasted approximately 2 s. In order to trigger the amplifier of EEG
system and mark the start of touch, the tests were carried out until

Table 2
Test Groups.

Non-target sample Target sample 1 Target sample 2

Group 1 P W, W,
Group 2 P w; Ws
Group 3 P W, W3
Group 4 P M S>
Group 5 P M S3
Group 6 P S S3

the participants could reach almost constant normal load of 1.5N
which can be monitor by the signal collecting system. The partici-
pants were asked to maintain this constant rhythm for each formal
trial.

During the formal test, the assistant moved the slide rail to
change the samples and the participants only needed to slide their
finger on the sample with the constant rhythm and focus on feeling
the grating textures. There were 120 touches that took 4 min for
one trial. The participants rested for 10 min. Each trial was
repeated twice.

EEG and friction measurement

All experiments were carried out in a screened EEG laboratory
that insulates sound and electromagnetic interference. The ambi-
ent condition was 18-22 °C, and the relative humidity was 40-
55%. The friction and touching normal load were collected by the
tri-axial force sensors which was simultaneous with EEG
measurement.

EEG data were recorded by a 32-channel EEG-System (Brai-
nAmp, Brain Products, Munich, Germany) with sampling frequency
of 1000 Hz. Electrode impedance was maintained below 5 kQ
throughout the study.

EEG data were processed through the Brain Vision Analyzer
(Brain Products, GmbH, Munich). The data were referenced to an
averaged ears montage, the bandpass was filtered between 0.1
and 30 Hz, and the baseline correction was done.

The data was then further processed and analyzed using
MATLAB toolboxes (Lopez-Calderon&Luck, 2014). The analysis pro-
cess included curve fitting and identification of P300 waves. The
ERP waveform was obtained by superimposing and averaging the
EEG data for all touches in one trail. The P300 is an ERP component
elicited in the process of decision making, which usually happens
after approximately 300 ms in the ERP waveform. So, a MATLAB
platform (MathWorks, Inc., Natick, MA, USA) was designed to
obtain the peak voltage of the ERP waveform between 250 and
450 ms for each electrode, and this was chosen as the P300 peak
amplitude. The time corresponding to the peak voltage was chosen
as the latency of P300. Fig. 2(a) shows a typical ERP waveform of
one trial for one electrode. The average peak amplitude and latency
of P300 for all trials for each electrode were calculated.

The parietal and occipital lobes are mostly related with cogni-
tion [31,32]. The electrodes of C3, CZ, C4, CP1, CP2, P3, PZ and P4
were in the corresponding positions on the EEG cap and were cho-
sen as the test electrodes to collect the EEG signals, shown in Fig. 2
(b). The M1 and M2 earlobe electrodes were chosen as reference
electrodes.

Subjective evaluation

Thirty healthy, right-handed undergraduates from China
University of Mining and Technology, 23-27 years (mean * stan-
dard deviation = 24.2 + 1.5 years), took part in subjective evalua-
tion. Training was given to all participants before the test which
was same with the EEG test. In the test, the feelings of the gratings
were divided into smooth, scratchy, and distinctive. The distinctive
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Fig. 2. (a) Typical ERP waveform of one trial for one electrode and (b) electrode
distribution pattern.

feeling means feeling the difference between smooth and grating
samples. The participants graded samples according to the three
dimensions, and the scores (ranging 0-5) were averaged for each
subject. Higher human evaluation scores for smooth, scratchy,
and distinctive feelings correspond to smoother feeling, scratchier
feeling, and more recognizable feeling, respectively.

The smooth sample (P) was initially presented to participants as
reference stimulus. It was informed that evaluation scores for
smooth, scratchy, and distinctive feelings were 5, 0, and O for ref-
erence stimulus. In each trial, participants first felt the reference
stimuli, followed by experiencing one of the six stimuli (W;, W5,
Ws, Sq, Sp, and S3), and orally reported the perceived feelings of
the given stimulus. Each stimulus was presented twice per
participant.

Finite element model

The mechanoreceptors embedded in skin are the tactile stimu-
lus receptors. Since it is difficult to obtain the stress on cutaneous
mechanoreceptors during tactile perception, a multilayer finite
element model was established to analyze the stress using a com-
mercial software package, ABAQUS/Standard (Version 6.12).

It is known that skin is a nonlinear, inhomogeneous, and aniso-
tropic material. Previous studies showed that a two-dimensional

plane strain model of fingertip composed of a homogeneous linear
elastic material can predict the stress and strain distributions
within skin, and thus the response profiles of the mechanorecep-
tors under rectangular gratings [33-35]. Meanwhile, the deforma-
tion of skin was small for the applied pressure in the model.
Therefore, we simplified the fingertip model as a two-
dimensional plane strain model composed of a homogeneous lin-
ear elastic material. This finger model was divided into four parts,
namely, the epidermis, dermis, subcutaneous soft tissue, and bone
as shown in Fig. 3. The parameters of four finger layers and the
samples are shown in Table 3. The constraint types of different lay-
ers were set as “Tie”. The resolutions of the epidermis, dermis, sub-
cutaneous soft tissue, and bone were set as 0.1 mm, 0.2 mm,
0.5 mm, and 1 mm. Because subcutaneous soft tissue and bone
were not analyzed so they were set with lower resolutions. “Sur-
face to surface contact(Standard)” was chosen as the contact ele-
ment type. The perceived sample was fixed by constructing
constraints for all degrees of freedom of its base line, namely
DOF (degree of freedom) is 0. The DOF of finger model was not
restricted and it is 3.

According to the references [38], the mechanoreceptors can be
considered as infinitesimal elements. The Meissner and Merkel
corpuscles are located near the interface between the epidermis
and dermis [39]. In the model, the locations of the two mechanore-
ceptors were simplified as nearby soft tissues. To simplify the anal-
ysis process, the finite element model only establishes the contact
part between finger skin and the sample, and the outline of the fin-
gertip was ignored.

The simulation process was divided into two steps: static load-
ing and dynamic sliding. In the first analysis step, the perceived
sample was fixed by constructing constraints for all degrees of
freedom of its base line. A pressure of 1 kPa was uniformly loaded
on the finger model. In the second analysis, a boundary condition
of 16 mm/s velocity was applied to finger model. Then, the finger
scanned over the surface of the perceived sample at the given
speed and pressure. The formula of finite sliding was defined
between the finger and the perceived sample. Friction formulation
was set as “Penalty”. The coefficient of friction between the finger
and the perceived sample was set as 0.5 in this model. The applied
pressure, velocity, and coefficient of friction were set based on the
tactile perception experiment results.

Results and discussions
Finite element analysis

The perception processes were simulated according to the six
grating samples in the experiment. Fig. 4 show the nephogram
and graph of Mises stress when the finger contacted different grat-
ing widths and spacing. Fig. 4(a) show that the deformation of fin-
ger skin and the Mises stress near the Meissner and Merkel
corpuscles increased with increasing grating width, indicating that
larger skin deformation generates greater stress. The greater stress
then induces greater tactile stimulation to the mechanoreceptors.
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Fig. 3. Finite element model of the finger.
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Table 3
Material parameters of four finger layers and samples in the model [36,37].
Epidermis Dermis Subcutaneous soft tissue Bone Sample
Young’s Modulus (MPa) 0.18 0.1 0.03 17,000 3000
Passion Rate 0.48 0.48 0.48 0.3 0.39
Thickness (mm) 0.5 1 35 4 5
S, Mises i |
(Ava: 755;/;)6 v Ziv';'??ss%) E
13857603 1354303
+4.447e-03 +3.040e-03
+4.002e-03 +2.736e-03 H
+3.557e-03 +2.432e-03
+3.113e-03 +2.128e-03
+2.668e-03 +1.824e-03
+2.223e-03 +1.520e-03
+1.779e-03 +1.216e-03
+1.33:e-g§ +9.120e-04
fid i
+0.000e+00 13:00053%0
Sl
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e ia03 +5.336e-03
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10.0006+00 +0.000e+00
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+6.167e-03 +4.934e-03
+5.653e-03 +4.485e-03
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+4.111e-03 +3.140e-03
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+3.083e-03 +2.243e-03
+2.570e-03 +1.794e-03
+2.056e-03 +1.346e-03
+1.542e-03 +8.970e-04
+1.028e-03 +4.485e-04
13:630ex00 +0.000e+00
3000 3000
—_W, —3S,
W, —S,
2500 2500
W, S,
2000 2000
= o)
a, A~
& <
7 1500 2 1500
2 2
= =
- — ot =~
1000 1000 = = ol "'-Jf-ﬁ_
500 500
0 1 1 1 1 1 0 1 1 1 I 1
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
Time (s) Time (s)
(a) (b)

Fig. 4. Nephogram and graph of Mises stress when the finger contacted different (a) grating widths and (b) grating spacing. The selected element was near the interface

between the epidermis and dermis.

Fig. 4(b) shows that the frequency of stress increased with decreas-
ing grating spacing. The periodic stress causes vibration stimula-
tion to the Meissner and Merkel corpuscles, and higher
stimulation vibration frequency induces stronger tactile stimula-
tion to the mechanoreceptors. The finite element results support
the friction and ERP experimental results discussed in the follow-
ing section.

Frictional properties of skin

The friction coefficients and contact areas of fingers when
touching the different gratings are shown in Fig. 5. The normal load

W and friction force F were obtained from the tri-axial force sensor.
The friction coefficient p was calculated with p = F/W. In order to
obtain the contact area, a streak camera was used to get the con-
tact images during the touching of surface. Then the contact areas
were extracted and calculated.

The results show that the friction coefficient increases with
increasing grating width when the grating spacing is constant. As
the fingers scan over the surface, deformation increases with
increasing grating width, resulting in a larger coefficient of friction.

When the grating width is constant, the friction coefficient
increases with grating spacing. Due to the small 1 mm grating
width, finger deformation does not play a key role in the friction
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Fig. 5. (a) Average friction coefficients and (b) contact areas of fingers when touching the different gratings.

force. In this case, the force mainly comes from adhesive friction.
As shown in Fig. 5(b), it was found that the reduction of grating
spacing and the increase of grating width decreased the effective
contact areas between the skin and the samples. The reduction of
grating spacing decreases the effective contact area between the
skin and the samples, thus resulting in a smaller adhesive friction
and coefficient of friction.

The friction force produces deformation and vibration stimulat-
ing the mechanoreceptors embedded in skin. The mechanorecep-
tors have the ability to detect, code, and transform this tactile
information to the corresponding sensing area of the cerebral cor-
tex through the sense-conducting pathway. Friction affects the tac-
tile perception. The grating width and spacing induce different
friction coefficients, implying the different tactile perceptions
formed in the brain. It is necessary to discuss the electroencephalo-
gram when humans feel different textural features.

Subjective evaluation

The average evaluation scores of the three feelings for all grat-
ings are shown in Table 4.

The result shows that the smooth feeling decreases, and the
scratchy and distinctive feelings increase with increasing grating
width. The larger grating width increases the surface roughness
and friction coefficient leading to decreasing smooth feeling. The
wider the texture grating is, the higher the contact pressure and
skin deformation, which induce a larger scratching feeling that is
easier to identify.

It also shows that smooth feeling scores decrease with decreas-
ing grating spacing. The smaller grating width increases the surface
roughness, leading to decreasing smooth feeling. The scratchy and

distinctive feelings increase with decreasing grating spacing. The
smaller the grating spacing is, the larger the skin vibration, which
induces a greater scratching feeling that is easier to identify.

P300 analysis

The P300 is an ERP component elicited in the process of decision
making. It usually happens after approximately 300 ms in the ERP
waveform. In this section, the peak amplitude and peak latency of
P300 are discussed. Fig. 6 and Fig. 7 summarize the P300 compo-
nents induced by samples with different grating widths and
spaces.

Peak latency of P300

The P300 peak latency is usually interpreted as the speed of
stimulus classification resulting from discrimination of one event
from another. It is an index of classification speed proportional to
stimulus evaluation timing that is sensitive to task processing
demands, and the P300 peak latency varies with individual differ-
ences in cognitive capability [40]. In this study, the P300 latency
shows the volunteer’s judgment speed for tactile distinction
between the target grating samples and smooth non-target sam-
ples. As shown in Fig. 6, the peak latency of W; is larger than for
W, in group 1; the peak latency of W is larger than for W3 in group
2, and the peak latency of W, is larger than for W5 in group 3. The
results suggest that the textural characteristics of grating width
affect the P300 peak latency. It shows that the sample with larger
grating width can induce a shorter P300 peak latency, indicating
the participants that recognize the wider grating quickly and
easily. The subjective evaluation of distinctive feeling and the dif-
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Table 4
Scoring summary of subjective evaluation.

Samples with width features

Samples with space features

Samples W, W, W3 S S, Ss3

Smooth feeling 3.4+0.6 2.2+0.6 1.3+04 42+0.7 34+0.6 2104
Scratchy feeling 1.8+0.5 4205 44+0.5 1.2+0.5 1.8+0.5 3.1£05
Distinctive feeling 26+0.5 4105 46+05 14+05 26+0.5 3.9+03

ference between the smooth non-target sample and grating target
samples on Mises stress reveal that W; <W,<W;s. The larger
scores of distinctive feeling and larger differences of Mises stress
lead to easier recognition of the grating texture, further inducing
a shorter P300 peak latency for the samples with larger grating
width.

Also, the difference of P300 peak latency between samples W,
and Wjs is particularly small, which is coincident with the results
of the P300 amplitude. As shown in Table 4, the subjective evalu-
ation of W, and W5 are close, suggesting that the surfaces with
similar texture feeling will induce a similar P300 component.

As shown in Fig. 7, the peak latency of S; is larger than S, in
group 4, the peak latency of S is larger than S3 in group 5, and
the peak latency of S, is larger than S3 in group 6. The results sug-
gest that the textural characteristics of grating spacing affect the
P300 peak latency; samples with smaller grating spacing can
induce shorter P300 peak latency. Taken together, the subjective
evaluation of distinctive feeling and the difference between the
grating and smooth samples in regard to friction coefficient and
stress show that S; < S, < S3. The larger scores for distinctive feeling
and the larger differences in friction coefficient and Mises stress
lead to easier texture recognition, further inducing a shorter
P300 peak latency for samples with smaller grating spacing.

Peak amplitude of P300

The P300 peak amplitude is defined as the voltage difference
between the largest positive peaks from the baseline of the EEG
waveform within the latency window [41]. The peak amplitude
of the P300 is proportional to the amount of attentional resources
engaged in processing a given stimulus, and it is not influenced by
factors related to response selection or execution [42]. The P300
peak amplitude is significantly affected by perception and atten-
tion factors that reflect the excitability of the brain.

As shown in Fig. 6, the peak amplitude in W5 is larger than in W;
in group 1, the peak amplitude of Wjs is larger than in W; in group
2, and the peak amplitude of Wjs is slightly larger than in W, in
group 3. The results suggest that grating width textural character-
istics affect the P300 peak amplitude. These findings demonstrate
that the sample with larger grating width evokes higher P300 peak
amplitude, indicating that the participants use more attentional
resources in the tactile perception of wider gratings.

Taken together, the subjective evaluation of scratchy feeling,
the coefficient of friction, and the Mises stress values show
W; < W, < W3, The larger grating width generates greater skin
deformation, friction force, and stress, and it induces stronger tac-
tile stimulation to the mechanoreceptors, further evoking a higher
P300 peak amplitude.

As shown in Fig. 7, the peak amplitude of S, is larger than that of
S: in group 4, the peak amplitude of S5 is larger than that of S; in
group 5, and the peak amplitude of Ss is larger than that of S; in
group 6. The results suggest that grating space features affect the
P300 peak amplitude. This finding reveals that samples with smal-
ler grating spacing evoke higher P300 peak amplitudes. As the
results show in the finite element analysis, smaller grating spacing
generates higher frequency vibration stimulation to the

mechanoreceptors, thus inducing stronger tactile stimulation and
further evoking higher P300 peak amplitude.

Conclusions

This paper systematically studied the tactile perception from
the surface textures, surface friction, stress response of the skin
receptors, and neurophysiological response of the brain. The con-
clusions are as follows.

The stress concentrations around the Meissner and Merkel
receptors are affected by the grating textures during tactile percep-
tion. The deformation of finger skin and the Mises stress near the
Meissner and Merkel corpuscles increase with increasing grating
width. The frequency of stress increases with decreasing grating
spacing.

The friction on the skin is affected by grating textures during
tactile perception. The friction coefficient increases with increasing
grating width and spacing. Skin deformation increases with
increasing grating width and generates larger deformation friction.
The skin contact area increases with increasing grating spacing,
generating larger adhesive friction.

P300 evoked by gratings are related with the skin deformation,
contact area, friction force, and stress around cutaneous
mechanoreceptors. P300 latency is related to the difference
between the grating target stimulus and the smooth non-target
stimulus. The larger the distinctive feeling value is, the larger the
difference in friction coefficient and stress between the smooth
non-target sample and the grating target samples is, and the easier
the grating texture can be recognized. The P300 peak amplitude
increases with increasing grating width and decreasing spacing.
The wider grating width generates larger skin deformation, friction
force, and stress, which induces stronger tactile stimulation. The
smaller grating spacing generates higher vibration frequency,
inducing stronger tactile stimulation.

This study objectively proofed that ERP methods are useful to
study the brain’s response to tactile perception and there is a rela-
tionship between the activation in brain regions, surface friction,
and contact conditions of skin during the tactile perception.
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