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Effect of Finger Moisture on Tactile Perception
of Electroadhesion

Easa AliAbbasi , Muhammad Muzammil , Omer Sirin, Philippe Lefèvre , Ørjan Grøttem Martinsen ,
and Cagatay Basdogan

Abstract—We investigate the effect of finger moisture on the
tactile perception of electroadhesion with 10 participants. Par-
ticipants with moist fingers exhibited markedly higher threshold
levels. Our electrical impedance measurements show a substan-
tial reduction in impedance magnitude when sweat is present at
the finger-touchscreen interface, indicating increased conductivity.
Supporting this, our mechanical friction measurements show that
the relative increase in electrostatic force due to electroadhesion is
lower for a moist finger.

Index Terms—Electroadhesion, electrical impedance, elec-
trostatic force, tactile perception, psychophysics, finger moisture,
touchscreen, surface haptics, mobile devices.

I. INTRODUCTION

THE human haptic sense is a remarkable sensory system
capable of detecting nano-scale wrinkles on seemingly

smooth surfaces [1] and distinguishing between smooth surfaces
with different material coatings [2] or even modified surface
chemistries [3]. Despite the extraordinary capabilities of the
human finger in discerning minute details, there remains a
limited number of actuation technologies that can artificially
replicate similar tactile sensations on touch surfaces. Surface
haptics, an emerging field of research, aims to improve the way
users interact with touch surfaces such as the touchscreens of
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mobile devices, enhancing the user experience by providing
realistic and fine tactile feedback [4]. In this regard, electroadhe-
sion (EA) via electrostatic actuation appears to be a promising
technique for displaying frictional forces to the user’s finger as
it moves on the touchscreen. In this technique, a voltage signal
is applied to the conductive layer of a capacitive touchscreen
to generate an electrostatic attraction force between its surface
and the finger sliding on it [5], [6], [7], [8]. This results in an
increase in the frictional force acting against the finger, in the
direction opposite to its movement. Although the technology for
generating tactile feedback on a touchscreen via EA is already
in place and straightforward to implement, our knowledge of
the underlying contact mechanics, the nature of electrical in-
teractions between the human finger and the touchscreen, and
also our perception of tactile stimuli generated by EA are still
limited. Unraveling the physics behind EA holds the promise of
unlocking innovative technological applications. Beyond mobile
devices, where the potential includes experiencing digital shapes
and textures on touch surfaces [9], [10], [11], [12], [13] and
interacting with them through finger/hand gestures [14], [15],
these advancements are poised to extend into diverse domains
such as robotics, automation, space missions, and textiles (see a
more comprehensive review of EA applications in [16]).

In terms of contact mechanics, only a few studies have recently
shed some light on the physics behind EA. The change in elec-
trostatic forces between the human finger and a voltage-induced
touchscreen was observed to be proportional to the square of
the voltage amplitude (Fe ∝ V 2) [6]. Although the change in
friction coefficient between the human finger and touchscreen
as a function of normal force follows a nonlinear curve for
the applied voltage, the relative increase in steady-state friction
coefficient due to EA was found to be 0.25% per volt (e.g.
applying a sinusoidal voltage signal with an amplitude of 100 V
at a frequency of 125 Hz results in a 25% increase in sliding
friction coefficient) [17]. It was claimed that the increase in
frictional force is due to an increase in the real contact area [18].
Despite the observed decrease in the measured apparent contact
area during sliding under EA [19], the rise in the number of mi-
croscopic contacts at the interface due to EA leads to an increase
in the real contact area. This hypothesis aligns well with the
contact mechanics theory proposed for EA by Persson [20], [21],
which considers the multi-scale nature of contacting surfaces.

Compared to the studies on contact mechanics, the number of
studies investigating the electrical interactions between a human
finger and a touch surface under EA is only a few. Shultz et
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al. [22] discussed that the electrical charges transfer through
the contacting asperities of the finger and the touch surface and
accumulate at the air gap regions. Since the magnitude of the
electrostatic force is inversely proportional to the thickness of
this gap, it can reach high values, an effect originally identified
by Johnsen and Rahbek [23]. Shultz et al. [24] measured the
electrical impedances of finger skin and touchscreen in isola-
tion and subtracted them from the total electrical impedance
measured while the finger slides on the touchscreen. They found
that most of the applied voltage dropped across the air gap since
its impedance dominated the impedances of the skin and the
touchscreen. Later, Shultz et al. [25] argued that the impedance
of the gap causes a volatile transition of force dynamics in the
frequency range of 20–200 Hz. They demonstrated that using
an amplitude modulation with a high-frequency carrier voltage
signal reduces this transition regime and generates a constant
friction force. In a recent study [26], we also performed electrical
impedance measurements but extracted the air gap impedance
from the remaining impedance by removing the effects of elec-
trode polarization impedance. Our study showed that the remain-
ing impedance is not just an air gap impedance as suggested
by Shultz et al. [25], but composed of air gap and electrode
polarization impedances in parallel. Earlier studies [24], [26],
[27] also showed that the electrical impedance of the interfacial
gap between the finger and the touch surface is significantly
lower for the stationary finger compared to that of the sliding
finger. It was suggested that when the finger remains stationary
on the touchscreen, sweat accumulates at the interfacial gap and
reduces the potential difference, decreasing the magnitude of
the electrostatic forces. Our earlier study [8] highlighted the
important role of charge leakage from the Stratum Corneum
(SC), the outermost layer of skin, to the touch surface at low fre-
quencies. The experimental results showed that the electrostatic
force exhibits an inverted parabolic curve with a peak value at
around 250 Hz. An electromechanical model based on the fun-
damental laws of electric fields and Persson’s contact mechanics
theory [28] was developed to estimate the frequency-dependent
magnitude of electrostatic forces. The model revealed that the
electrical properties of the SC and the charge leakage from it are
the main causes of the inverted parabolic behavior.

In terms of tactile perception of EA, the number of studies is
also limited. The sensitivity of the human finger to the polarity
of the voltage signal was investigated and the results showed that
the participants perceived negative or biphasic pulses better than
positive ones [29]. The detection and discrimination threshold
voltages across different frequencies were measured through
psychophysical experiments, revealing a statistically signifi-
cant relationship between absolute detection voltage and signal
frequency. The results showed a U-shaped curve in detection
threshold voltage, with the lowest value at 125 Hz, whereas
the discrimination voltage remained constant at 1.16 dB against
all tested frequencies [5]. The variation in tactile perception
corresponding to the changing waveform of the applied voltage
was investigated in [30]. The results showed that the participants
were more sensitive to square voltage signals than sinusoidal
ones for frequencies lower than 60 Hz. The analysis of the
collected force and acceleration data in the frequency domain,

by considering the human tactile sensitivity curve, suggested
that the Pacinian channel was predominantly responsible for
detecting EA stimuli. This was consistent across all square wave
signals displayed at various frequencies. The interference of
multiple tactile stimuli (tactile masking) under EA was also
investigated [31]. The results showed that the sharpness per-
ception of virtual edges depends on the masking amplitude
and activation levels of frequency-dependent psychophysical
channels. The tactile perception of a step change in friction
due to EA was investigated by considering the influence of
normal force and sliding velocity [32]. Participants perceived
rising friction (EA is switched from OFF to ON during sliding)
as stronger than falling friction (EA is switched from ON to OFF
during sliding), and both the normal force and sliding velocity
significantly influenced their perception.

Although finger moisture and environmental humidity are
known to affect frictional forces under EA [19], their effect
on tactile perception and the physics behind the change in
electrostatic force intensity due to accumulated sweat at the
interface has received less attention. One study investigated the
effect of electrowetting, the change in the wettability of the liquid
on the touchscreen under EA, and concluded that the increase
in frictional forces between the finger and the touchscreen at
higher humidity levels is mainly due to the increase in capillary
forces [33]. It was also observed that the finger left more residue
(primarily, sweat and sebum) in the areas of a touchscreen
where EA was active [34]. The authors suggested that i) the
electrohydrodynamic deformation of sebum droplets adhere to
the finger valleys, which results in the creation of extra capillary
bridges and leftover droplets on the screen’s surface after they
break, and ii) the electric field-induced stabilization of sebum
capillary bridges exist between the finger ridges and the screen,
which leads to the merging and formation of larger droplets.

In this study, we highlight the adverse effect of fingertip skin
moisture on the tactile perception of EA by correlating the finger
moisture of the participants measured by a Corneometer with
their voltage threshold values, which was not investigated in our
earlier studies. To understand and explain the outcome of our
perception experiment, we utilize the electrical impedance and
friction force measurements reported in our earlier studies [8],
[17], [26], [32]. We show that the magnitude of electrostatic
forces inferred from friction measurements is lower for a wet
finger compared to a dry finger. Our electrical impedance mea-
surements also suggest that the impedance drops drastically
when liquid is at the interface. As a result, the voltage difference
at the air gap and the magnitude of electrostatic forces decrease.

II. MATERIAL AND METHODS

A. Participants

The tactile perception experiment was conducted with ten
adult participants (four females and six males) having an av-
erage age of 29.4 years (SD: 5.9). Due to its time-consuming
nature, the electrical impedance and friction measurements were
performed with one male participant (age: 32 years old) having
relatively dry fingers. All participants provided written informed
consent to undergo the procedure, which was approved by the

Authorized licensed use limited to: IEEE - Staff. Downloaded on June 26,2025 at 14:16:55 UTC from IEEE Xplore.  Restrictions apply. 



ALIABBASI et al.: EFFECT OF FINGER MOISTURE ON TACTILE PERCEPTION OF ELECTROADHESION 843

Fig. 1. (a) The setup used in our tactile perception experiments. (b) Schematic
representation of skin moisture level assessment.

Ethical Committee for Human Participants of Koc University
(Protocol Numbers: 2022.128.IRB2.020, 2023.280.IRB2.060).
The investigation conformed to the principles of the Declaration
of Helsinki and the experiments were performed by following
relevant guidelines and regulations.

B. Tactile Threshold Experiments

We used the setup shown in Fig. 1(a) for the tactile percep-
tion experiment. In this setup, the input voltage signals were
generated by a waveform generator (33220A, Agilent Inc.)
connected to a PC via a TCP/IP protocol. The signals were
then amplified by a piezo amplifier (E-413, PI Inc.) and applied
to the conductive layer of a capacitive touchscreen (SCT3250,
3M Inc.) for displaying tactile stimulus to the participants. The
touchscreen was rigidly fixed with holders to avoid undesired
mechanical vibrations during the experiments. A DC power
supply (MCH-303D, Technic Inc.) was utilized to provide 24 V
DC voltage for operating the amplifier. A high-resolution force
sensor (Nano 17-SI-12-0.12, ATI Industrial Automation Inc.)
was placed below the touchscreen to measure contact forces.
These forces were acquired by a 16-bit analog data acquisition
card (PCI-6034E, National Instruments Inc.) with 10 kHz sam-
pling frequency. An IR frame (IRTOUCH Inc.) was placed above
the touchscreen to detect finger position.

Before the experiments, the participants washed their hands
with soap, rinsed with water, and dried them at room tempera-
ture, and the touchscreen was cleaned with alcohol. Throughout
the experiments, the participants were asked to wear an elastic
strap on their stationary wrist for grounding and put on head-
phones playing white noise to prevent their tactile perception
from being affected by any external auditory cue.

We conducted the absolute threshold detection experiment
using the 2-Alternative Forced-Choice (2AFC) paradigm [35].
During the experiments, participants were asked to slide their
index fingers on the touchscreen from left to right twice for
a distance of 100 mm in each trial. The tactile stimulus was
displayed only in one of the passes, which was randomized to
eliminate any bias. Participants were asked to determine the
pass (interval) in which they felt a tactile effect. To regulate
their scan speed, a visual cursor moving at a speed of 20 mm/s
was displayed on the computer monitor and the participants
were asked to follow it with their index finger. To assist the
participants with controlling their applied normal forces on the
touchscreen, another visual feedback displayed the real-time
magnitude of the applied normal force. The normal force and
scanning speed were recorded in each trial. The average normal
force and speed for all participants were 0.332 N (SD: 0.073)
and 20.06 mm/s (SD: 0.87). If a participant’s normal force
or scan speed was not in the desired range (0.1–0.6 N; 10–
30 mm/s), the trial was repeated until a measurement within the
range was obtained. Before starting the experiments, participants
were given verbal instructions and asked to complete a training
session. This training session enabled participants to adjust
their finger scanning speed and normal force before the actual
experimentation.

The amplitude of the voltage signal applied to the touchscreen
(and hence the magnitude of the tactile stimulus) was altered
using the three-down/one-up adaptive staircase method [31]. To
determine the detection thresholds for the sinusoidal AC signal
at 125 Hz, the experiment started with a voltage amplitude of
200 Vpp. It is worth noting here that the initial voltage am-
plitude provided sufficiently high intensity for all participants.
If a participant gave three correct responses (not necessarily
consecutive), the voltage level was decreased by 5 dB. If a
participant gave one incorrect response, the voltage level was
increased by 5 dB. The change in response from correct to
incorrect or vice versa was counted as one reversal. After one
reversal, the step size was decreased to 1 dB. The experiments
were stopped automatically if the reversal count was five at the
±1 dB level. The threshold was calculated as the mean of the
last five reversals. The moisture level of each participant’s skin
was measured by a Corneometer (CM 825, Courage - Khazaka
Electronic) four times just before and right after the experiment
and an average of eight measurements was reported for each
participant.

C. Electrical Impedance Experiments

We selected the two-electrode method for all our electrical
impedance measurements performed by the impedance analyzer
(MFIA, Zurich Instruments Inc.) except for the assessment
of skin moisture level, in which we utilized three electrodes
(Fig. 1(b)).

The contact area of the electrodes in all electrical impedance
measurements was 130 mm2. In measuring skin impedance, an
additional electrode of approximately ten times the size of the
measuring electrode was attached to the ventral forearm [26].
Before each measurement session, the impedance analyzer was
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calibrated with the short-open-load option of the device to
compensate for the residual impedances in the system.

The reader can refer to [26] regarding the procedures for
measuring the electrical impedance of human skin, touchscreen,
and the total sliding impedance of the finger on the touchscreen.
In this study, obtaining consistent data with a moist finger proved
more challenging when measuring the total sliding impedance,
attributed to variations in moisture level, stemming from the
prolonged duration of the experimentation due to the frequency
sweep procedure. For this reason, four droplets of 5 µL 0.9%
Isotonic Sodium Chloride (NaCl) were applied at four different
locations on the touchscreen (a total of 20 µ L) to imitate a moist
finger (called ’wet’ condition in the text).

In addition to the impedance measurements, we measured
the low-frequency susceptance of the skin, an indicator of
skin moisture [36], [37], [38], using the impedance analyzer
(MFIA, Zurich Instruments Inc.) and three electrodes (Fig. 1(b)).
Electrode M in Fig. 1(b) is a custom-made metal electrode
attached to the participant’s fingertip. Electrodes E1 and E2 are
electrocardiogram (ECG) electrodes (Red Dot 2228, 3M Inc.),
which were attached to the palm of the same hand. Using a
custom-made circular tube, a weight of 100 grams was placed
on top of Electrode M and kept vertically aligned. The weight
was equivalent to a normal force of 1N. A current was applied
between two electrodes (M and E1), and the resulting differ-
ential voltage was measured between electrode M and the third
electrode (E2). This results in a monopolar measurement, where
the impedance between the electrode M and the third electrode
(E2) can be measured. Since the viable skin is relatively well-
conducting, the measured impedance is dominated by the SC
beneath electrode M [39]. The magnitude and phase of this
impedance were measured at 125 Hz for 10 seconds, with a
sampling frequency of 2.5 kHz.

Once the magnitude and phase of the electrical impedance
are known, one can calculate the real and imaginary parts of the
impedance as:

Re{Z} = |Z| cosΦ (1)

Im{Z} = |Z| sinΦ (2)

where, |Z| and Φ are the magnitude and phase of the measured
electrical impedance, respectively. Hence, the susceptance can
be calculated as:

B = − Im{Z}
Re{Z}2 + Im{Z}2 (3)

The susceptance measurements were performed under nomi-
nal and moist finger conditions. In the nominal finger condition,
the participant waited for five minutes in the experiment room,
allowing his body to reach normal hydration levels. Conversely,
in the moist finger condition, the participant wore thick clothing
and waited for fifteen minutes in the experiment room to induce
sweating and achieve an elevated level of skin moisture.

D. Friction Force Experiments

The details about the setup for friction measurements can
be found in our earlier publications [8], [32]. The experiment

aimed to measure the friction force between the finger and the
touchscreen under EA = OFF (no voltage was applied to the
touchscreen) and EA = ON (an AC voltage signal of 120 V at a
frequency of 125 Hz was applied to the conductive layer of the
touchscreen) for two distinct moisture conditions of the finger-
pad: a) nominal and b) moist. The experiments for the nominal
finger condition were conducted early in the morning from 7 a.m.
to 9 a.m., while the participant was fasting to minimize sweat
generation. In contrast, the experiments for the moist finger
condition were carried out in the afternoon between 2 p.m. to
5 p.m. During this time, the participant wore thick warm clothes
to raise body temperature, inducing increased sweat generation.
It is imperative to note that no artificial liquid was introduced to
the interface in either of the two experimental conditions. Before
the experiments, the touchscreen was cleaned with alcohol.
During the experiments, the index finger of the participant’s right
hand was placed in a custom-made hand support to ensure con-
sistent contact with the touchscreen at an angle of 20 degrees. An
electrical grounding strap was wrapped around the participant’s
wrist to keep him grounded when the voltage was applied to the
touchscreen. The participant was advised to maintain a stable
and stationary position throughout the experiments. The normal
force applied to the touchscreen by the finger of the participant
was maintained at 1N via the PID controller in all trials. In each
trial, the touchscreen was translated under the fingerpad of the
participant in the tangential direction for a distance of 60mm at
a constant speed of 20mm/s.

There were a total of 108 trials in the experiment, performed
in 3 days. Hence, there were 36 trials on each day (2 moisture
conditions: nominal and moist × 2 EA states: OFF and ON ×
3 trials / session × 3 sessions). For each trial, the coefficient of
friction (CoF) was calculated by dividing the recorded tangential
force by the corresponding normal force. The electrostatic force
acting on the finger was then inferred from the experimental CoF
data [17]:

Fe =

(
1− µOFF

µON

)
Fn (4)

where, Fn indicates the normal force acting on the touchscreen
by the finger andµON andµOFF represents measured CoF when
EA = ON and EA = OFF, respectively.

III. RESULTS

A. Tactile Threshold Measurements

Fig. 2 presents the threshold voltages and fingertip skin
moisture level of each participant. The average threshold value
(30.41Vp) is consistent with the threshold value reported in our
earlier study for the stimulation frequency of 125 Hz [30]. The
Pearson correlation showed a positive and strong correlation
between threshold voltages and moisture level (r = 0.81, p <
0.01). This finding is consistent with the results of our earlier
study [19] and supports our claim that moisture adversely affects
the capacity of electrostatic actuation (EA) to modulate friction,
which in turn influences the tactile perception of EA.
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Fig. 2. The threshold voltage versus moisture level of each participant. Mois-
ture measurements are given in arbitrary units (a.u.) that range from 20 (dry
skin) to 120 (very wet skin).

B. Friction Force Measurements

Fig. 3(a) and (b) display the change in CoF as a function
of displacement for the nominal and moist finger conditions,
respectively, where each curve represents the mean values of
27 trials. Blue and red-colored curves depict the CoF for EA =
OFF and EA = ON, respectively. The shaded regions around
the curves represent the standard deviations. Fig. 3(c) depicts
the steady-state values of CoF computed by averaging the data
within the interval between 35 mm to 45 mm of displacement.
In the nominal finger condition, the mean values for EA = OFF
and EA = ON were 0.29 ± 0.05 and 0.38 ± 0.04, respectively.
For the moist condition, the mean values for EA = OFF and EA
= ON were 1.47 ± 0.11 and 1.58 ± 0.10, respectively.

The relative differences in CoF between EA = ON and EA =
OFF for the nominal and moist conditions are given in Fig. 3(d).
There was a contrast of 31% in the nominal condition, whereas
a relative difference of around 7% was observed in the moist
condition. The electrostatic force under the nominal and moist
conditions is given in Fig. 3(e). Fig. 3(f) presents the mean
values of the fingerpad’s susceptance under the nominal and
moist conditions. This bar graph shows that the susceptance of
the moist finger was significantly higher than that of the nominal
finger, suggesting that the moist finger had a relatively higher
moisture level than that of the nominal finger, as anticipated.
We conducted Wilcoxon signed-rank tests instead of t-tests to
assess statistical differences due to the violation of the normality
assumption. The results indicate statistically significant differ-
ences between the EA = ON and EA = OFF conditions for both
the steady-state coefficient of friction (CoF) (p < 0.001) and the
susceptance (p < 0.001).

C. Electrical Impedance Measurements

Fig. 4(a) and (b) present the average magnitude and phase
of the electrical impedance measurements as a function of
frequency, respectively. The shaded regions around the curves

represent the standard error of means. Green, black, magenta
and cyan-colored curves show the electrical impedance measure-
ments for skin, touchscreen, sliding finger in nominal condition,
and sliding finger in wet condition, respectively.

As shown in Fig. 4(a), the summation of the magnitudes of
skin and touchscreen impedances is not equal to the magnitude
of the total sliding impedance for both the nominal and wet
conditions. Hence, another impedance must be in series with the
skin and touchscreen impedances, which we name the “remain-
ing impedance”. We subtract the skin (ZSkin) and touchscreen
(ZTS) impedances from the total sliding impedance (ZSliding)
to obtain the remaining impedance [24], [26]:

ZR = ZSliding − ZSkin − ZTS (5)

The magnitude (solid curves) and phase (dashed curves)
of the remaining impedance for the sliding finger under the
nominal (magenta-colored curve) and wet (cyan-colored curve)
conditions are presented in Fig. 4(c) as a function of frequency.
The magnitude of the remaining impedance for the nominal
condition was significantly higher than that of the wet condition.
In other words, the liquid at the interface of the finger and the
touchscreen caused a drop in impedance magnitude of more
than tenfold compared to the nominal condition. As shown in
Fig. 4(c), the phase angles of the remaining impedances for
the nominal and wet conditions showed a resistive behavior
at lower frequencies. This resistive behavior was followed by
purely capacitive behavior after approximately 30 Hz for the
nominal condition (i.e. the phase angle is around -90 degrees
after 30 Hz). However, the phase angle of the wet condition
showed a capacitive behavior for a narrow range of frequencies,
followed by a sharp return to the resistive behavior.

Fig. 4(d) shows the remaining admittances for the nomi-
nal and wet conditions. A one-decade-per-decade line (dashed
purple-colored) fits well to the admittance curve of the nominal
condition after 30 Hz, suggesting a constant capacitance after
that frequency (Fig. 4(e)). Hence, the remaining impedance of
the nominal condition can be modeled by a single capacitance
(Cgap) at higher frequencies, representing the air gap between
the finger and the touchscreen [26]. At frequencies lower than
30Hz, there is a parasitic capacitance. This capacitance occurs
due to the electric double layer at the interface between the
finger and the touchscreen [40]. Similar to our susceptance
measurements in Fig. 3(f), Martinsen et al. [38] measured the
susceptance of skin and verified the existence of water in the SC
layer of skin. Hence, electric double layer can build up between
the solid surface of the touchscreen and the water contents in the
SC. The formation of the electric double layer at the interface
of the finger surface underlies the phenomenon of electrode
polarization [41]. Upon contact with the voltage-induced touch-
screen, the human finger triggers the movement of ions in the
finger tissue toward the surface of the touchscreen, causing the
formation of a first layer on the inner finger surface. This primary
layer consists of ions carrying electric charges opposite to those
of the touchscreen, while the subsequent layer comprises loosely
anchored ions bearing similar charges. The presence of free
ions in the finger, possessing charges contrary to those of the
touchscreen, results in their attraction towards the touchscreen,
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Fig. 3. Coefficient of friction (CoF) as a function of displacement with and without EA for (a) nominal and (b) moist finger conditions. The solid curves show
the mean values and the shaded regions around them are the standard deviations for all trials. (c) Mean values of steady-state CoF under nominal and moist finger
conditions with and without EA. (d) Relative difference in CoF between EA = ON and EA = OFF for the nominal and moist finger conditions. (e) Electrostatic
forces inferred from the friction measurements for the nominal and moist finger conditions. (f) Mean values of the susceptance, an indicator of skin moisture,
measured under the nominal and moist conditions.

displacing the ions in the first layer and leading to the leakage of
electrons from the finger to the touchscreen surface. It is worth
noting that the transfer of ions from the finger to the touchscreen
is restricted because the touchscreen has only electronic charge
carriers rather than ionic ones. Particularly at lower frequencies,
the sufficient duration allows the free ions to displace those in
the first layer more effectively, leading to an increased rate of
charge leakage and, subsequently, a reduction in the strength
of the electric field at the interface (a conduction path builds
up between the finger and the touchscreen as emerged in the
remaining resistance curve in Fig. 4(f)). Hence, a capacitance
(CEP ) in parallel with a resistance (REP ) can be used to
model the behavior of the electrode polarization impedance as
suggested in [26] (see Fig. 4(g) for our proposed circuit model).

Similar to the nominal condition, a one-decade-per-decade
line fits well to the admittance curve of the wet condition in
Fig. 4(d) for frequencies ranging from 100 Hz to 10 kHz. Hence,
the remaining impedance of the wet condition can be modeled
by a set of parallel capacitances for the air gap (C ′

gap) and NaCl
(CNaCl) at frequencies ranging from 100 Hz to 10 kHz. At fre-
quencies lower than 100 Hz, there is a parasitic capacitance due
to the electric double layer (C ′

EP ) in parallel with a resistance
(R′

EP ). As shown in Fig. 4(f), the resistance of the wet condition
is lower than that of the nominal condition. This indicates that
NaCl fills the air gap and creates a conduction path between the

finger and the touchscreen, which can be modeled by a resistance
(RNaCl). Fig. 4(h) shows our proposed circuit model for the wet
condition. Note that the values of C ′

gap, C ′
EP , and R′

EP differ
from the corresponding ones used for the nominal condition.

Using the circuit models given in Fig. 4(g) and (h), the remain-
ing impedances for the nominal (ZR) and wet (Z ′

R) conditions
can be expressed respectively in the Laplace domain as:

ZR =
REP

1 +REP (CEP + Cgap) s
(6)

Z ′
R = RNaCl +

R′
EP

1 +R′
EP

(
C ′

EP + C ′
gap + CNaCl

)
s

(7)

At low and high frequencies, (6) and (7) reduce to (8) and (9),
respectively.

lim
ω→0

ZR ≈ REP

lim
ω→∞ZR ≈ 0 (8)

lim
ω→0

Z ′
R ≈ R′

EP +RNaCl

lim
ω→∞Z ′

R ≈ RNaCl (9)

This limit analysis shows that under the nominal moisture
condition, the capacitances CEP and Cgap become effectively
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Fig. 4. The change in average electrical impedance (a) magnitude and (b) phase as a function of frequency for finger skin (green), the touchscreen itself (black),
sliding finger on the touchscreen under the nominal (magenta) and wet (cyan) conditions. (c) The magnitude (solid curves) and phase (dashed curves) of the
remaining impedance as a function of frequency for the sliding finger under the nominal (magenta) and wet (cyan) conditions as a function of frequency. (d)
The change in the remaining admittance as a function of frequency for the sliding finger under the nominal (magenta) and wet (cyan) conditions. The dashed
purple-colored lines are the one-decade-per-decade lines fitted to the admittance curves. The change in the (e) capacitance and (f) resistance at the interface between
the finger skin and touchscreen under the nominal and wet conditions as a function of frequency. Our proposed circuit model for the finger in contact with a
voltage-induced touchscreen under the (g) nominal and (h) wet conditions.

shunted as the stimulation frequency tends towards zero, equiv-
alent to a DC stimulation, diverting all the current flow towards
the resistance REP , consequently leading to a higher amount of
charge leakage through SC in comparison to that observed under
a typical AC stimulation at high frequencies. In other words,
the interface of the finger and touchscreen is more conductive
at lower frequencies due to the leakage of electrical charges
from the finger to the surface of the touchscreen. At higher
frequencies, the charge leakage diminishes and the behavior of
the interface becomes more capacitive. Similarly, under the wet
condition, the capacitances C ′

EP , C ′
gap, and CNaCl short out

as the stimulation frequency reaches zero and all the current
flows through the resistances R′

EP and RNaCl. However, the
resistance of the NaCl (RNaCl) remains effective even at higher
frequencies, creating a conduction path between the finger and
the touchscreen. At low frequencies, R′

EP + RNaCl < REP

since NaCl fills in the air gap between the finger and the
touchscreen and reduces the resistivity as shown in Fig. 4(h).
This overall understanding further clarifies the weaker electric
field observed during a DC stimulation compared to an AC
stimulation.

IV. DISCUSSION

In this study, we investigated the effect of moisture on the
tactile perception of EA with 10 participants. We observed
that the participants with very moist fingers (S6, S7, S9) had
significantly higher threshold levels than the other participants
(Fig. 2). For those participants, we argue that the introduction
of finger sweat into the interface reduces the strength of the

electric field as demonstrated by our electrical impedance mea-
surements (Fig. 4(a)). Furthermore, if the friction force acting
on the subject’s finger was already high due to moisture, then a
relatively small increase in the same force due to EA did not
contribute much to his/her tactile perception (Fig. 3(d)). We
performed experiments with one participant having relatively
dry fingers and measured the friction forces between his right
hand’s index finger and the touchscreen under nominal and moist
conditions with and without EA (Fig. 3(a)–(c)). Our results
showed that, even in the absence of EA, the CoF experiences
a five-fold increase when transitioning from the nominal to
moist condition. Earlier studies in tribology literature have also
reported a variation in CoF between dry and wet conditions by
a factor of 1.5 to 7 [42], [43], [44]. The increase in CoF was
explained by the softening of the finger due to the absorption of
water, also known as plasticization, which increases the contact
area and, thus, the tangential frictional force. Others attributed
this change to capillary adhesion due to meniscus formation [45],
[46], viscous shearing of liquid bridges formed between the skin
and the surface [47], and the work of adhesion due to absorbed
moisture [48], [49].

Our friction measurements showed that the magnitude of
electrostatic forces due to EA is higher for the nominal condition
compared to the moist condition (Fig. 3(e)). In the presence
of moisture, the water particles bridge the air gap between the
fingertip and the touchscreen surface. This bridging effect short-
ens the conduction path between the finger and the touchscreen,
resulting in a diminished or lowered potential difference across
the gap, causing a reduction in the electrostatic force. This
observation was verified by comparing the electrical impedance
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measurements performed with the sliding finger under the nom-
inal and wet conditions (Fig. 4(a) and (b)). In the wet condition,
we intentionally added some liquid (NaCl) to the interface
between the finger and the touchscreen so that the interface
remains lubricated throughout the frequency sweep. As shown
in Fig. 4(a), the magnitude of the electrical impedance for the
wet condition dropped by more than an order of magnitude,
compared to the nominal condition. This result suggests that in
the presence of sweat at the interface between the finger and the
touchscreen, the electrical charges can move between the finger
and the touchscreen more easily, reducing the magnitude of the
strength of the electric field at the gap.

V. CONCLUSION

Our future studies will investigate the effect of controlled
hydration of the interface on friction between the finger and
touchscreen with and without EA. Previous research in tribology,
conducted without employing EA, observed an initial rise in
the coefficient of friction, which subsequently decreased as
the level of moisture or liquid present at the contact interface
increased [43], [46], [50], [51]. The underlying physics driving
this transformation is not fully elucidated, given the intricate
nature of the transition phases between dry and fully lubricated
states. This complexity is particularly pronounced in the context
of contacts involving nonlinear and viscoelastic materials, such
as the human finger skin, which also exhibits multi-scale surface
roughness. Moreover, our understanding of the impact of EA
on this lubrication transition is currently limited, with only a
handful of studies touching this subject to date [19], [33], [34].
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[11] A. İşleyen, Y. Vardar, and C. Basdogan, “Tactile roughness perception of
virtual gratings by electrovibration,” IEEE Trans. Haptics, vol. 13, no. 3,
pp. 562–570, Jul.–Sep. 2020.

[12] R. F. Friesen, R. L. Klatzky, M. A. Peshkin, and J. E. Colgate, “Building a
navigable fine texture design space,” IEEE Trans. Haptics, vol. 14, no. 4,
pp. 897–906, Oct.–Dec. 2021.

[13] B. Sadia, A. Sadic, M. Ayyildiz, and C. Basdogan, “Exploration strategies
for tactile graphics displayed by electrovibration on a touchscreen,” Int. J.
Hum.- Comput. Stud., vol. 160, 2022, Art. no. 102760.

[14] T. Nakamura and A. Yamamoto, “A multi-user surface visuo-haptic dis-
play using electrostatic friction modulation and capacitive-type position
sensing,” IEEE Trans. Haptics, vol. 9, no. 3, pp. 311–322, Jul.–Sep. 2016.

[15] S. E. Emgin, A. Aghakhani, T. M. Sezgin, and C. Basdogan, “Haptable: An
interactive tabletop providing online haptic feedback for touch gestures,”
IEEE Trans. Vis. Comput. Graph., vol. 25, no. 9, pp. 2749–2762, Sep. 2019.

[16] P. Rajagopalan, M. Muthu, Y. Liu, J. Luo, X. Wang, and C. Wan, “Advance-
ment of electroadhesion technology for intelligent and self-reliant robotic
applications,” Adv. Intell. Syst., vol. 4, no. 7, 2022, Art. no. 2200064.

[17] C. Basdogan, M. A. Sormoli, and O. Sirin, “Modeling sliding friction
between human finger and touchscreen under electroadhesion,” IEEE
Trans. Haptics, vol. 13, no. 3, pp. 511–521, Jul.–Sep. 2020.

[18] M. Ayyildiz, M. Scaraggi, O. Sirin, C. Basdogan, and B. N. Persson,
“Contact mechanics between the human finger and a touchscreen under
electroadhesion,” Proc. Nat. Acad. Sci., vol. 115, no. 50, pp. 12668–12673,
2018.

[19] O. Sirin, A. Barrea, P. Lefèvre, J.-L. Thonnard, and C. Basdogan, “Fin-
gerpad contact evolution under electrovibration,” J. Roy. Soc. Interface,
vol. 16, no. 156, 2019, Art. no. 20190166.

[20] B. N. Persson, “The dependency of adhesion and friction on electrostatic
attraction,” J. Chem. Phys., vol. 148, no. 14, 2018, Art. no. 144701.

[21] B. N. J. Persson, “General theory of electroadhesion,” J. Phys.: Condens.
Matter, vol. 33, no. 43, 2021, Art. no. 435001.

[22] C. D. Shultz, M. A. Peshkin, and J. E. Colgate, “Surface haptics via
electroadhesion: Expanding electrovibration with Johnsen and Rahbek,”
in Proc. IEEE World Haptics Conf., 2015, pp. 57–62.

[23] A. Johnsen and K. Rahbek, “A physical phenomenon and its applications
to telegraphy, telephony, etc,” J. Inst. Elect. Engineers, vol. 61, no. 320,
pp. 713–725, 1923.

[24] C. D. Shultz, M. Peshkin, and J. E. Colgate, “On the electrical charac-
terization of electroadhesive displays and the prominent interfacial gap
impedance associated with sliding fingertips,” in Proc. IEEE Haptics
Symp., 2018, pp. 151–157.

[25] C. Shultz, M. Peshkin, and J. E. Colgate, “The application of tactile, audi-
ble, and ultrasonic forces to human fingertips using broadband electroad-
hesion,” IEEE Trans. Haptics, vol. 11, no. 2, pp. 279–290, Apr.–Jun. 2018.

[26] E. AliAbbasi, Ø. G. Martinsen, F.-J. Pettersen, J. E. Colgate, and C.
Basdogan, “Experimental estimation of gap thickness and electrostatic
forces between contacting surfaces under electroadhesion,” Adv. Intell.
Syst., vol. 6, 2024, Art. no. 2300618.

[27] Y. Vardar and K. J. Kuchenbecker, “Finger motion and contact by a second
finger influence the tactile perception of electrovibration,” J. Roy. Soc.
Interface, vol. 18, no. 176, 2021, Art. no. 20200783.

[28] B. N. Persson, “Theory of rubber friction and contact mechanics,” J. Chem.
Phys., vol. 115, no. 8, pp. 3840–3861, 2001.

[29] K. A. Kaczmarek, K. Nammi, A. K. Agarwal, M. E. Tyler, S. J. Haase, and
D. J. Beebe, “Polarity effect in electrovibration for tactile display,” IEEE
Trans. Biomed. Eng., vol. 53, no. 10, pp. 2047–2054, Oct. 2006.

[30] Y. Vardar, B. Güçlü, and C. Basdogan, “Effect of waveform on tactile
perception by electrovibration displayed on touch screens,” IEEE Trans.
Haptics, vol. 10, no. 4, pp. 488–499, Oct.–Dec. 2017.

[31] Y. Vardar, B. Güçlü, and C. Basdogan, “Tactile masking by electrovibra-
tion,” IEEE Trans. Haptics, vol. 11, no. 4, pp. 623–635, Oct.–Dec. 2018.

[32] I. Ozdamar, M. R. Alipour, B. P. Delhaye, P. Lefèvre, and C. Basdogan,
“Step-change in friction under electrovibration,” IEEE Trans. Haptics,
vol. 13, no. 1, pp. 137–143, Jan.–Mar. 2020.

[33] X. Li et al., “Electrowetting: A consideration in electroadhesion,” IEEE
Trans. Haptics, vol. 13, no. 3, pp. 522–529, Jul.–Sep. 2020.

[34] S. Chatterjee, Y. Ma, A. Sanghani, M. Cherif, J. E. Colgate, and M.
C. Hipwell, “Preferential contamination in electroadhesive touchscreens:
Mechanisms, multiphysics model, and solutions,” Adv. Mater. Technol.,
vol. 8, no. 16, 2023, Art. no. 2300213.

[35] Y. Vardar, B. Güçlü, and C. Basdogan, “Effect of waveform in haptic
perception of electrovibration on touchscreens,” in Proc. Int. Conf. Hum.
Haptic Sens. Touch Enabled Comput. Appl., 2016, pp. 190–203.

Authorized licensed use limited to: IEEE - Staff. Downloaded on June 26,2025 at 14:16:55 UTC from IEEE Xplore.  Restrictions apply. 



ALIABBASI et al.: EFFECT OF FINGER MOISTURE ON TACTILE PERCEPTION OF ELECTROADHESION 849

[36] Ø. G. Martinsen, S. Grimnes, and J. Karlsen, “Electrical methods for
skin moisture assessment,” Skin Pharmacol. Physiol., vol. 8, no. 5,
pp. 237–245, 1995.

[37] Ø. G. Martinsen and S. Grimnes, “On using single frequency electrical
measurements for skin hydration assessment,” Innov. Techn. Biol. Med.,
vol. 19, no. 5, pp. 395–499, 1998.

[38] Ø. G. Martinsen et al., “Gravimetric method for in vitro calibration of
skin hydration measurements,” IEEE Trans. Biomed. Eng., vol. 55, no. 2,
pp. 728–732, Feb. 2008.

[39] S. Grimnes, “Impedance measurement of individual skin surface elec-
trodes,” Med. Biol. Eng. Comput., vol. 21, pp. 750–755, 1983.

[40] W. Kuang and S. Nelson, “Low-frequency dielectric properties of biologi-
cal tissues: A review with some new insights,” Trans. ASAE, vol. 14, no. 1,
pp. 173–184, 1968.

[41] H. Schwan, “Electrode polarization impedance and measurements in bio-
logical materials,” Ann. New York Acad. Sci., vol. 148, no. 1, pp. 191–209,
1968.

[42] R. K. Sivamani, G. C. Wu, N. V. Gitis, and H. I. Maibach, “Tribological
testing of skin products: Gender, age, and ethnicity on the volar forearm,”
Skin Res. Technol., vol. 9, no. 4, pp. 299–305, 2003.

[43] S. M. Pasumarty, S. A. Johnson, S. A. Watson, and M. J. Adams, “Friction
of the human finger pad: Influence of moisture, occlusion and velocity,”
Tribol. Lett., vol. 44, pp. 117–137, 2011.

[44] Y. Zhu, S. Song, W. Luo, P. Elias, and M. Man, “Characterization of skin
friction coefficient, and relationship to stratum corneum hydration in a
normal Chinese population,” Skin Pharmacol. Physiol., vol. 24, no. 2,
pp. 81–86, 2011.

[45] B. Persson, “Capillary adhesion between elastic solids with randomly
rough surfaces,” J. Phys.: Condens. Matter, vol. 20, no. 31, 2008,
Art. no. 315007.

[46] S. Tomlinson, R. Lewis, X. Liu, C. Texier, and M. Carré, “Understanding
the friction mechanisms between the human finger and flat contacting
surfaces in moist conditions,” Tribol. Lett., vol. 41, pp. 283–294, 2011.

[47] O. Dinç, C. Ettles, S. Calabrese, and H. Scarton, “Some parameters
affecting tactile friction,” J. Tribol., vol. 113, no. 3, pp. 512–517, 1991.

[48] C. Pailler-Mattei and H. Zahouani, “Study of adhesion forces and mechan-
ical properties of human skin in vivo,” J. Adhesion Sci. Technol., vol. 18,
no. 15-16, pp. 1739–1758, 2004.

[49] C. Pailler-Mattei, S. Nicoli, F. Pirot, R. Vargiolu, and H. Zahouani, “A new
approach to describe the skin surface physical properties in vivo,” Colloids
Surfaces B: Biointerfaces, vol. 68, no. 2, pp. 200–206, 2009.

[50] M. J. Adams, B. J. Briscoe, and S. A. Johnson, “Friction and lubrication
of human skin,” Tribol. Lett., vol. 26, no. 3, pp. 239–253, 2007.

[51] T. André, P. Lefèvre, and J.-L. Thonnard, “A continuous measure of
fingertip friction during precision grip,” J. Neurosci. Methods, vol. 179,
no. 2, pp. 224–229, 2009.

Easa AliAbbasi received the B.Sc. degree in
electrical and electronics engineering from Azad
University, Urmia, Iran, in 2014, and the M.Sc. degree
in mechatronics engineering from the University of
Tabriz, Tabriz, Iran, in 2017, and the Ph.D. degree
in computational sciences and engineering from Koc
University, Istanbul, Türkiye, in 2023. He is currently
a postdoctoral researcher with the Max Planck
Institute for Informatics, Saarbrucken, Germany. His
research interests include haptics, human-computer
interaction, mechatronics, and physics-based
modeling.

Muhammad Muzammil received the B.E. degree in
avionics engineering and the M.S. degree in energetic
materials engineering from the National University
of Sciences and Technology, Islamabad, Pakistan, in
2010 and 2019, respectively. He is currently working
toward the Ph.D. degree with Computational Sciences
and Engineering program of Koc University, Istanbul,
Türkiye. His research interests include haptic inter-
faces, tactile perception, and MEMS.

Omer Sirin received the B.Sc. degree in mechatron-
ics engineering from Bahcesehir University, Istanbul,
in 2012, and the M.Sc. degree in biomedical engineer-
ing from Cleveland State University, Cleveland, OH,
USA, in 2013, and the Ph.D. degree from the Me-
chanical Engineering Department of Koc University,
Istanbul, Türkiye, in 2019. His research interests in-
clude haptics, mechatronics, and contact mechanics.
He was awarded the prestigious TUBITAK BIDEB
fellowship for his doctoral studies.

Philippe Lefèvre received the graduation degree as
an Electrical Engineer in 1988, and the Ph.D. de-
gree in applied sciences from UCLouvain, Ottignies-
Louvain-la-Neuve, Belgium, in 1992. During his
Ph.D., he spent one year with the Department of
Biomedical Engineering, McGill University, Mon-
treal, PQ, Canada. Then he spent two years (postdoc)
as a Visiting Fellow with the Laboratory of Sensori-
motor Research, NEI, National Institutes of Health,
MD Bethesda. In 1997 he obtained a permanent po-
sition as a Research Associate from FNRS, UCLou-

vain. From 2003 to 2004, he spent a sabbatical and was appointed as a Visiting
Scientist with the National Eye Institute, NIH, Bethesda. In 2011 he became Full
Professor of biomedical engineering with UCLouvain. His research interests
include the interaction between vision and the neural control of movement,
modeling of the oculomotor and motor systems, experimental and clinical study
of eye, head, and limb movements, eye-hand coordination, biomechanics of
finger object interaction and dexterous manipulation in micro-gravity.

Ørjan Grøttem Martinsen is currently a Professor
of physics and electronics with the Department of
Physics, University of Oslo, Oslo, Norway. He is also
a senior Researcher with the Oslo University Hospi-
tal, Oslo. He is the Head of the Oslo Bioimpedance
and Medical Technology Group, where the main fo-
cus is on electrical bioimpedance theory and appli-
cations within medicine. He is the co-author of the
textbook– Bioimpedance and Bioelectricity Basics.
He is the founding Editor-in-Chief of the Journal of
Electrical Bioimpedance.

Cagatay Basdogan received the Ph.D. degree in me-
chanical engineering from Southern Methodist Uni-
versity, Dallas, TX, USA. He is a faculty member
in the mechanical engineering and computational
sciences and engineering programs at the College
of Engineering, Koc University, Istanbul, Türkiye.
Before joining to Koc University, he was with NASA-
JPL/Caltech, the Massachusetts Institute of Tech-
nology, Cambridge, MA, USA, and Northwestern
University Research Park, Evanston, IL, USA. His
research interests include haptic interfaces, robotics,

mechatronics, biomechanics, medical simulation, computer graphics, and multi-
modal virtual environments. In addition to serving on editorial boards of several
journals and program committees of conferences, he chaired the IEEE World
Haptics Conference in 2011.

Authorized licensed use limited to: IEEE - Staff. Downloaded on June 26,2025 at 14:16:55 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


