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Chapter 3
Touch Feelings and Sensor for Measuring
the Touch Feeling

Mami Tanaka

Abstract Touch feelings and tactile sense play very important role in our
daily life. However, the mechanism has not clarified yet. In this chapter, the
receptor in human skin and haptics that is motion of hand/finger will be intro-
duced. And the sensory experiments and measurement were carried out in
order to clarify the mechanism of rough and soft feelings which are funda-
mental touch feelings and the developed sensor for measuring tactile sensa-
tion for fabrics and the palpation sensor for measuring prostatic glands will be
introduced.

3.1 Introduction

Touch is one of five senses, and it can feel mechanical stimuli (pressure, vibration,
heat, cold, pain, etc.) through the skin. Skin is the largest sense organ in the human
body and the area is about 1.8 m? in the average adult [1]. Unborn babies have the
skin function from the 9th week after conception and babies use their hands and
mouth in order to obtain the many information of outside world.

Touch is active and passive and it is ruled under the law of action and reac-
tion of skin and objects, which is called “third law of motion”. This point is very
unique and tactile sense is unlike other senses for this point. Therefore, it is dif-
ficult to clarify the mechanisms of tactile sense and the feeling of touch. The
mechanisms of vision and hearing have been already clarified and the principals
contribute the development of the glasses and hearing aid in order to assist the
vision and hearing sense, respectively. It is very important to clarify the mecha-
nism of the touch sense, like these.

M. Tanaka (54) -
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Table 3.1 Senssry receptor and modality and catagonzanon in human skin [

Receptor Modahty Category
Meissner’s corpuscle Touch flutter FAI
Pacinian corpuscle Touch vibration FAIl
Merkel’s discs Touch pressure SAIL
Ruffini endings ‘Touch pressure SAII
Free nerve endings Temperature and pain

3.2 Sensory Receptor in Human Skin

Table 3.1 shows the sensory receptors and modality in human skin [1]. Free nerve
endings react for temperature and pain and they are different from the others. The
other receptors react to mechanical stimuli and are classified depending on the reac-
tion speed, fast adaptive (FA) and slow adaptive (SA). In addition the receptors are
classified depending on the size of area, the area of Il means larger than that of L.

As the FA sensory receptors, there are two kinds, Pacinian corpuscle and meiss-
ner’s corpuscle. Concerning with these FA sensory receptors, they have higher
sensitivity frequency ranges. When the receptors receive the sinusoidal wave
stimulus, Pacinian corpuscle can react under 1 pm threshold at 250-300 Hz, and
Meissner’s can react under 10 wm at 3040 Hz. It is interesting the receptors have
different higher frequency ranges.

3.3 Search for the Mechanism About Roughness and
Softness

‘There are various fields to use touch feelings and sensation, for example, to make
‘something in industry, palpation in medical and welfare fields.

In industry, the sensory tests usually are done to evaluate the many things,
but a huge number of subjects are needed to obtain the accurate touch sensa-
tion. Therefore, the training of the expert for measuring touch feelings is impor-
tant, Palpation has important role for a clinician/doctor in diagnoses. They assess
smoothness, roughness, and softness of an area of patient and/or find the abnormal
point such as hard spot by palpation. However, paipatzon using human’s fingers
is said to be ambiguous, subjective and much affected by their experience. From
these points, it is not easy to share the information of a same diagnosis.

Various kinds of information are obtained as the touch feeling and the rough-
ness and softness are fundamental touch feelings. The physical value of the rough-
ness can be measured by surface roughness measuring mstrument as the amplitude
of the surface asperity, but the measurement object is limited such as metallic
materials and the relationship between the obtained physical value and the touch
feeling has not been clarified. In addition, there is not only the hard one like the
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metal but also various one in the world where we live. These make more difficult
the clarification of the mechanism that human feei rouah
The softness of the object is also measured as the stiffness and Young’s modulus
by hardness tester, but the relation between the values and touch feeling has not
been clarified. Therefore, the clarification of the mechanism becomes more difficult.
In order to search the trigger of the mechanism, we investigated the relations
between amplitude and frequency information, and smoothness and roughness.

3.4 Tactile Display for the Roughness Tests

A simple tactile display that subjects can touch and feel various degree of smooth-
ness is deveiaped Bimorph cell is used as an actuator to generate vibratory stimu-
lus. And the display can adjust the frequency of vibratory stimulus. Through two
experiments, the relationships between the fmquency distribution of vibratory
stimulus and smoothness feelings are investigated.

After this, “roughness” and “smoothness” do not mean physical roughness and
smoothness of an iject ‘but mean sensuous roughness and smoothness which
human feels using their tactile sense.

A simple tactile display using bimorph cells is fabricated. The tactile display is
shown in Fig. 3.1. The display consists of an actuator on the display and it is vibrated
using bimorph cells with steady frequency and amplitude. Three input waves of the
bimorph cells are generated using GNU Octave which is numerical computation
software. The generated waves are transmitted to the amplifier and the amplified
outputs were appized to the actuators. In experiments, subjects put their forefingers
of dominant hand on the actuators and evaluate what they feel. Figures 3.2 and 3.3
show the size of the display and experimental scene, respectively.

3.5 Sensory Tests for Roughness

Two sensory tests about roughness/smoo‘ihness are conducted using the tactile
dzsplay In the first expenment the relations between the vibration frequency
and “Kansei” keywords of roughness feeling were investigated and in the second

Fig. 3.1 System of tactile
display

Vibrator
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Fig.3.2 Size of the display

Vibrator_

Fig. 3.3 Scene of the tests

experiment the relations between vibration frequency and degrees of roughness
feeling were investigated. R

In order to find the relations between the vibration frequency and “Kansei”
words of roughness feeling, the various vibration stimuli are displayed to the sub-
jects. In the experiment, the subjects touched the tactile display and selected one
keyword from six Kansei keywords to answer how they felt it. |

Six keywords are as follows. “A: not felt”, “B: snaky”, “C: uneven”, “D:
rough”, “E: fine” and “F: vibration”. The keywmds were selected through the pre-
liminary experiment. The subgects are six men and they are 21-32 years old. The
tactile display was presented sinusoidal wave vxbmthz stimulus of the ampiimde»
30 wm and the frequencies of the stimulus were g:haaged from 1 to 250 Hz.

Figure 3.4 shows the ratio of number of subjects that use each keyword to
express each stimulus. From this result, it is seen that each Kansei keyword has
the corresponding frbquem / smbution At the lowest frequency range, most of
the subjects sclecied “not felt”, and at the hxghest frequency range many subjects
answered “vibration”. At low fre:qaency range, the subjects answered “snaky” and
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Fig.34 Ratio of aumbcr 100% g
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“uneven”. Kansei keyword “roughness” can be felt at broad area from 4 to 200 Hz
and “fine” can be felt under 100 Hz.

For the next experiment, the relationships between the frequency distribution of
vibratory stimulus and smoothness/roughness are investigated. In the experiments,
the input waves are used as the combination patterns (named p1 and p2) and one
wave is displayed to the subject for 3 s, and after 0.2 s the other wave isdisplayed
to the subject for 3 s, sequentially. After that, the subject evaluate smoothness/
roughness of p2 compared with pl using the evaluation form with five grades as
shown in Fig. 3.5.

In the experiments, the experiment orders are random and the displayed order
of pl and p2 are also. At the experimental time, the subjects don’t know what the
displayed stimuli are. The amplitude of the displayed stimuli is settled at 30 pm
and the frequencies of the stimulus were changed from 1 to 250 Hz. The subjects
are seven male and they are 21-32 years old.

By the Scheffe’s pair comparison method [2], one of semantic differential
methods, the scorés of each wave pattern are obtained. Analysis results of pair
comparison are shown in Fig. 3.6. Figure 3.6 shows score versus stimulus fre-
quency, and the results are separated roughly into three groups. In the figures, the
higher score means that human evaluate the displayed stimulus is rougher and the
lower score means that human evaluate the displayed stimulus is smoother.

The subjects of the first group feel the roughest from 50 to 100 Hz, and those
of the second group feel the roughest at about 200 Hz, and that of the last group
feel the roughest twice at 50 and 200 Hz. These results are caused that Meissner’s

pl is clearly rougher Indistinguishable  p2 is clearly rougher
} o ; 1 |

pl is slightly rougher ' p2 is slightly rougher

Fig. 3.5 Evaluation form of sensory test of the roughness



28

Fig. 3.6 Roughness score
versus frequency
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corpuscle and Pacinian corpnscie have the highest sensitivity frequency area
around 50 and 200 Hz to the threshold for vibratory stimulus, respecﬁveiy men-
tioned above [1]. And these results show that there are ;&rsonai differences for
the roughness feeling and the differences are COﬂSlé@l‘ﬁ(i to depend on whether
,Mezssner s corpuscle or Pacinian corpuscle reacts.

In this experiment, the amplitude of the stimuli was settled constant. When the
frequencies were settled constant and the amplitude of the stimulus were changed,
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hu an touch feelings about roughness are investigated. It was confirmed that
the roughness feelings increase with the increase of the amplzmde of the sﬁmuiz
Moreover, we must consider the combination of amplitude and ﬁequency, it is nec-
essary to 1nvest1gate th& relaﬁons abou‘t amphmdes and frequenczes in deta:i and to

variation.

3.6 Sensory Tests for Hardness

Next, the target is softness that is also one of fundamental touch feelings. The rela-
tionships between physical properties of soft objects and the tactile softness are
investigated. After this, the tactile softness means touch feeling of softness when
human touches an object. First, the relationship between the stiffness of measured
objects and the tactile softness is investigated using silicone blocks with different
Young’s modulus.

To investigate the mechanism of evaluating tactile softness of human, the
relationship between the stiffness of evalnated 'obj;ects and tactile softness when
human touch to the object and feel is investigated. In experiments, six kinds of
silicone block objects with different Young’s modulus are prepared. The dimen-
sions of these objects are 30 mm width, 30 mm length, and 20 mm thickness.
Young’s modulus of them are 0.37, 0.82, 0.94, 1.01, 1.47, and 2.86 x 1{)‘“1 MPa.
Young’s modulus of the objects are determined by reference to Young’s modulus
of epidermis, dermis and hypodermis of skin [3-6].

Usmg these silicone {}bjects, a sensory test of tactile softness is conducted. In
an experiment, two objects are picked out of the six ObjeC{S and those are placed
on the force sensor. Six subjects touch the objects using their forefinger alter-
nately, and compared tactile softness of two objects. The subjects are 20-32 years
old men. The force sensor can measure the contact force applied on the objects
vertically when a subject touches the object. The sensory tests are conducted in
total 15 combinations of the six objects. The results of sensory test were evaluated
uqmg Scheffse’ paired compansozz method [2].

The subjects answered which object is higher young’s modulus, and the cor-
rect answer rate was almost 100 % in all trial, and it found that the tactile softness
of the objects decrease with increase of Younv s modulus of the objects. Young’s
modulus and stiffness of the objects mean the same tendency, because thickness of
all objects are the same. It can be said that tactile softness of the objects decreases
with increase of stiffness of the objects.

The contact force was applied to the objects by the subjects with their forefin-
ger in the sensory test and it was recorded by the force sensor as shown Fig, 3.7.
Figure 3.8 shows the scene of the sénsory test, and one example of the force sen-
sor output. The peak of the force is defined as the value of the contact force. The
contact force is almost 5-15 N. In order to mvest;zcrate the relation of hardness and
contact force in detail, the difference and ratio are investigated.
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Fig. 3.8 Scene of the sensory test for hardness and one example of the contact force sensor
output

Figures 3.9 and 3.10 show the differences and ratio of the contact force
between the compared two objects, respectively. Sample A is harder than sample
B and the young’s modulus is called Ea and Eb (Ea > Eb), and Fa and Fb are the
peak force of samples A and B. The horizontal axis values are difference (Ea—EDb)
and ratio (Ea/Eb) of Young’s modulus between compared two objects. The vertical
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axis values are differences (Fa—Fb) and ratio (Fa/Fb) of the contact force between
compared two objects.

In the figures the negative difference values and the ratio values that are smaller
than one in the figures mean that the subjects touch softer object with higher con-
tact force. The differences of the contact force vary widely, and there are some
negative values and there are many ratio values that are smaller than one. As men-
tioned before, the correct answer ratio was about 100 %, therefore, it is said to
be difficult to evaluate the tactile softness of the objects with only contact force
information.

3.7 Influence of Contact Area Upon Tactile
Softness Evaluation

It is confirmed that it is difficult for human to evaluate the tactile softness of the
objects with only contact force information. Here, the influence of contact area
upon perception of tactile softness evaluation is investigated. We consider that the
perception of tactile softness is affected by the contact area information in two
ways. One is a size of contact area between subject*; finger and evaluated objects
and the other is variation of the contact area size in touch motion. And the latter is
investigated.

At first, the reiatxonshz;a between contact force and contact area is investigated.
Five sub;ects push their f(}reﬁnger into three silicone blocks with ink, in such a
way as to evaluate tactile softness of the blocks. The contact force is measured
using a pressure sensor that is placed under the ob;ect and the size of contact area
between the forefinger and the blocks are calculated using ink blot on the blocks.

Figure 3.11 shows one of examples of the results of the experiment. The sizes
of contact area are normalized using that of the softest silicone block. As the
results, the szze of contact area is dependmg on the Young's modulus and the size
decrease with increase in Young’s modulus of the blocks.
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Thus, we focused on the influence of contact area between the finger and an
object upon evaluation of tactile softness. Then we tried two sensory tests with
four silicones under the different contact condition. Four kinds of silicone softness
objects are prepared for the sensory tests. Dimensions of these objects are 30 mm
width, 30 mm length, and 20 mm thickness. Young’s modulus of the objects in the
sensory tests are 0.37, 0.83, 1.01, and 1.47 x 10~ ! MPa.

In the sensory tests, two objects are picked out of the four objects, and named
object A and object B. Six subjects touch the objects using their forefinger, and
compare tactile softness of the objects. The subjects are 20-32 years old men. The
sensory tests are conducted in total six combinations of the four objects. Table 3.2
shows the result of the first sensory test. In the table, “s1” to “s6” mean the sub-
jects, and the item of “A” or “B” in “Evaluation of subjects” means the object
that the subject evaluated harder. Almost all subjects evaluate that the object with
higher Young’s modulus is harder.

Next, the subjects evaluate the tactile softness of the objects through the cylinder
piston device as shown in Fig. 3.12. The cylinder piston device consists of a piston,
and a stage. Shape of the contact 1 is 5 mm square. And that of the contact 2 is 10 mm
square. The size of contact 1 is sufficiently-small as compared with the contact area

Table 3.2 The result of the first sensory test of tactile softness without the piston ciewce

Young's modulus [MP&] Evaluation of subjects

Object A Object B sl s2 3 s4 s5 s6
0.147 0.101 A A A A A A
0.147 0.083 A A A A A A
0.147 0.037 A A A A A A
0.101 0.083 A A A A A A
0.101 0.037 A A A A A A
0.083 0.037 B A A A A A
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Fig.3.12 A cylinder piston

between their forefinger and the objects in the first sensory test. The piston moves verti-
cally in accordance with the motion of a subject’s forefinger. The subject pushed the
objects using the device to evaluate the tactile softness of the objects. The size of con-
tact area between their forefinger and contact 1 is constant, and the subjects evaluate
tactile softness of the object without influence of contact area information. The results
of the experiments are evaluated using Scheffse’ paired comparison method. At the
time, the subjects are asked about the difficulty of the evaluation in the first sensory test
without the piston device and the second sensory test with the piston device.

Table 3.3 shows the result in the second sensory test. “Evaluation of subjects”
means the object that the subject evaluated harder. Some subjects tend to evaluate
that the object with lower Young’s modulus is harder. The percentage of the sub-
jects that evaluated the object with higher Young’s modulus as harder in all trials is
97.2 % in the first sensory test, but that is 86.1 % in the second sensory test. It was
confirmed that all subjects feel it more difficult to evaluate tactile softness of the
objects in the second sensory test than that in the first sensory test. These results
suggest that the contact area information is important to compare tactile softness
difference between slight different objects.

3.8 Design of Sensor for Measuring Touch Sensation

z,zf;?mi is zhf: mouon of the hand/ﬁngef Haman changes uncanscwusly the menon of
the hands/fingers depending on the information that we want to know. Lederman
et al. have studied the relationship between the information and motion [7].

Table 3.3 The result of the second sensory test of tactile softness using cylinder plston devzce

Yeung s modulus [MPa] Evaluation of sub;ectf;

ObjectA  Object B sl s2 s3 s4 3 s6
0.147 0.101 A A A A A B
0.147 0.083 A A A A A A
0.147 0.037 A A A A A A
0.101 0.083 A A B A A A
0.101 0.037 A B A A A A
0.083 0.037 B A A A A B
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