i{{® MedCrave

Step into the Wonld of Research

Journal of Textile Engineering & Fashion Technology

Research Article

8 Open Access

Prediction model for the analysis of the haptic

perception of textiles

Abstract

In order to stand out from the competition, the quality of a product as subjectively
perceived by the customer is becoming increasingly important. If one wants to meet the
comprehensive customer requirements, it is no longer sufficient today to develop a product
that focuses only on the functional aspects, but it must also fulfil the sensory requirements
at the same time. In this paper, a systematic approach is described that first describes
the objectification of customer language for describing the textile haptics of automotive
interior materials (11 headliners and 15 seat materials). For this purpose, ten textile-specific
descriptors were developed in an expert panel. The descriptors used and the measurement
of the human-haptic system are summarized in 4 main groups: 1. warmth/cold sensation,
2. friction properties, 3. deformation, 4. surface/topography. Furthermore, the human-
tactile parameters (pressure, speed) that humans exert when touching textile surfaces were
determined. The human-sensory product evaluation of the textiles was carried out with 116
test persons. Comparative statistical analyses of the technical parameters (e.g. roughness,
friction coefficient, wetting index, deformation) and the human characteristics made it
possible to create a prognosis model for determining the quality perception of textile car
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Introduction

The development of high-quality products that simultaneously
address the customer’s needs is a key challenge for companies today.
Before a customer buys a product, he or she often tests its characteristics
by extensively recording the various sensory modalities (visual,
acoustic, and haptic perception)."”* Thus, the quality of a product is
not only influenced by its technical and functional properties, but
also by the subjective impression resulting from its sensory analysis.
One aspect within this field is the haptic perception of quality, which
determines the customer’s appreciation and acceptance.* Therefore,
customer’s haptic preferences and desires need to be identified.
However, it is difficult to quantify and model human haptic perception
using appropriate testing methods. This is due to the fact that the sense
of touch is a strong subjective sensation, which combines different
stimuli and is thus multimodal.>

In general, every modification also affects the nature of the
material surface and can positively or negatively impair its haptic
perception. Up to now, there has been no technical measurement that
could objectively record and represent this sensory impression. Today,
the assessment of product quality is largely carried out via test person
studies with subjective results. A new prognosis method offers the

potential to consider the haptic parameters relevant for the purchase
decision already during the development of products and thus to
improve the target accuracy and the speed of product development. In
addition, the results of the technical measurement can also serve as an
objective basis for quality and/or complaint discussions.

Due to the rapid development of autonomous driving, passengers
have more and more time to occupy themselves with other things,
including the feel of the materials used. The car interior is becoming
more and more of a “feel-good oasis” and the haptics contribute a great
deal to the sense of well-being. Therefore, measurement methods for
quantifying the haptic properties of textile materials in automotive
interiors were investigated and corresponding prediction models were
developed.

Material and methods

A. Touch and exploration procedures

Humans are able to perceive many object properties by touch.
Interactions between the hands and objects cause deformations,
vibrations and temperature changes of the skin surface. This results in
different information. The exact knowledge of the speeds and pressures
that a person performs when exploring a surface are necessary for the
later recording of the material characteristics. The literature classifies
active and passive movement (McLinden & McCall, 2016). Passive
touch is when another person or object touches one. Active touch
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describes an intentional movement, usually performed with the hands,
which implies an independent explorative and manipulative use of the
skin. For the description of headliners and seat materials, which are

Active Touch
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always assessed in the installed condition, only the pressure (PR) for
compliance; lateral motion (LM) for roughness; static contact (SC) for
temperature are of relevance (Figure 1).

Nonspecific exploratory
(global information)

Specific exploratory
{exact information)

Figure | Exploration procedures.””'°

To record the exploratory movements and the human surface
interaction, a Leap Motion Controller (LMC) and a textile pressure
sensor (physiosense) from the company EMSU GmbH was applied.
The textile sensor mat from EMSU is an embroidered yarn that is
inserted into the fabric over an area of 15 cm x 15 cm and is controlled
via 1024 measuring points. The recording frequency of the sensor

is 10 Hz. The hardware of the LMC consists of two high-precision
monochromatic infrared cameras and three separate infrared LED
emitters. The LMC is able to track hand and finger movements (Figure
2), allowing to record information within a hundredth of a millimeter
without any visible latency. The record rate is proximately 200 frames
per second.''2

Figure 2 Measurement points on the hand LMC.

B. Textile specific descriptors

For communication between the material manufacturer, the
supplier and the Original Equipment Manufacturer (OEM), clear
descriptions (descriptors) are necessary to characterise the material
properties. These material-specific descriptors enable the standardized
recording and characterisation of the perceptual impression and also
serve for unambiguous communication in subjective test person
studies. The development of the textile-specific descriptors was based
on an established procedure from sensory research.

C. Materials

Twenty-six materials from the automotive interior sector were
used for the investigation, including 17 knitted fabrics, six woven

fabrics, three nonwoven fabrics and one knitted fabric. The selection
was based on various comparison criteria: Weaves, yarn or fiber
fineness, number of filaments in the yarn composite. Laminated and
non-laminated materials were also selected to determine the extent
to which lamination influences the subjective impression in terms of
softness and hardness. The selected materials for the main study are
marked with an asterisk (*), those for the validation study with two
asterisks (**) and are summarised in Table 1.

D. Methods

The methods listed in Table 2 were used to determine the objective,
haptic properties of the materials. The skin sensory measurements
(surface index 10, wet cling index iK, sorption index iB, stiffness
s and contact points nK) and the measurements on the rheometer
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were performed at standard climate (DIN EN ISO 139:2011-10),
65 % relative humidity and a temperature of 20°C. The remaining
measurements were carried out at specific standard climate for leather,
50% relative humidity and a temperature of 23°C (DIN EN ISO

2419). The human tactile parameters of pressure and speed, which
were determined in A, were implemented as well as possible on the
measuring devices.

Table | Material overview; materials used in * main study, ** materials used in validation study

S.No Ingredients Construction Purpose Thickness Grammage [g/m?]

PT_MO03* 100 % PES Warp knitted, unlaminated Headliner 0,67 11

PT_MO06* 100 % PES Woven fabric, laminated Child seat cover 2,98 467

PT_Ml6* 100 % PES Weft knitted, laminated Accent stripes seat, seat back, | | 342
seat material

PT_MI7* 100 % PES Weft knitted, unlaminated Headliner 0,73 174

PT_MI8* 100 % PES Weft knitted, unlaminated Headliner 0,60 170

PT_MI19* 100 % PES Weft knitted, unlaminated Headliner 0,54 170

PT_M20* 100 % PES Weft knitted, laminated Accent stripes seat, seat back, | 4 443
seat material

PT M21* 100 % PES Weft knitted, laminated Accent stripes seat, seat back, | ¢ 357
seat material

PT_M22* 100 % PES Weft knitted, unlaminated Headliner 0,64 130

PT_M23* 100 % PES Weft knitted, unlaminated Seat material 0,88 221

PT_M24* 100 % PES Weft knitted, unlaminated Seat material 1,07 270

PT_M25* 100 % PES Weft knitted, unlaminated Seat material 1,41 215

PT_M26* 100 % PES Weft knitted, unlaminated Headliner 0,74 120

PT_M27* 100 % PES Weft knitted, unlaminated Seat material 1,02 285

PT_M28* 100 % PES Weft knitted, unlaminated Headliner 1,68 284

PT_M30* 100 % PES Weft knitted, unlaminated Headliner 0,70 177

PT_M3I* 100 % PES Weft knitted, unlaminated Headliner 1,33 300

PT_M32* 100 % PES Weft knitted, unlaminated Door panel 1,06 210

PT_M35% 100 % PES Woven fabric, laminated Seat centre, accent stripes, 3,46 490
piping, door mirrors

PT_M36* 100 % PES Woven fabric, laminated Seat centre 3,62 701

PT_Mde* 100 % PES Woven fabric, laminated Seat, side panel, headrest, 3,00 360

- centre armrest, door mirror
PT_MA47* 100 % PES Woven fabric, laminated Seat material 3,00 458
72 %I/16%/12%
PT_M48 PA/WV/CV Woven fabric, laminated Seat material 3,20 323
PT_M50* 100 % PES Non-woven fabric, laminated oot CentTe panel, accent 443 737
- stripe, piping
PT_M52* 100 % PES Malivlies, non-finished Headliner, series production 2,37 230
o o, wli " :
PT_M53* 90% ?ES/IO % M2'1|IV|IeS, non-woven fabric, Headliner, sample production 2,23 200
PES-bico printed

PT_M54** Woven fabric Seat material 4,46 675

PT_M55%* Woven fabric Seat material 3,99 590

PT_M56** Woven fabric Seat material 3,30 500

PT_M57#* Woven fabric Seat material 3,74 532

PT_M58** Woven fabric Seat material 3,75 497
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Table 2 Methods/measuring devices/ characteristics/ measuring parameters/ descriptors

Method/Measuring device Characteristic Measuring parameter Descriptor

|. Thickness/ Weight 180g, Hardness,
Thickness

DIN EN ISO 5084 Measuring area 20cm? Elasticity

2. Roughness/RoughTec Roughness parameters

3. Static and sliding friction/

SSP-03
Static/ kinetic

4. Deformation/SoftTec Penetration depth

5. Haptic touch temperature/HapTemp Sensotact value

6. Stiffness stiffness
7.Surface index Surface index
8. Contact points/Textile topograph Number of contact points
9.Wet cling index Wet cling index

10. Sorption index Sorption index

I'1.Rheometer/HAAKE MARS Coefficient of friction

Normal force: 10,300 mN

Velocity: 0.3, 0.99mm/s Roughness, directional
differences structure
height, structure regularity,

structure contour

40mm travel
Ball stylus: 1,20mm
Angles: 0°,30°, 60°, 90°, 120°, 150°

2.4,6.6N
I, 80mm/s

Slipperiness
20 mm
Haptic standard leather
3N Hardness,
0.3,2mm/s Elasticity

20 mm ball stylus
With/without 4mm foam

Touch temperature
Sample: 2cmx|0cm Hardness,
Elasticity
Sample: lemx|0cm Quality impression
Sample 6,25cm? Quality impression
Rotation angle 0°,90°, 180°,270°
Speed: 3cm/min Quality impression
measuring duration 600 s Quality impression

Ring turning body: 35 mm, speed:

| mm/s, normal force 1-20 N Slipperiness

speed: | mm/s

E. Empirical studies

In order to answer the research question: “Is it possible to
forecast an assessment of the customer’s perception of quality
through measured values of technical parameters?” the influence of
the technical parameters on the quality perception of the customers
should be investigated in a sensory study. In total, three empirical
studies were conducted on the textile surfaces. For the identification
of the descriptors, a workshop (first study) was held with 10 people
where the participants were first introduced to the topic of objective
description. The participants were then presented with textile surfaces,
which had to be described together using a uniform vocabulary. This
process took place in 2 stages:

1st stage: Surface description based on previous results from the field
of leather and artificial leather.

2nd stage: Validation of the procedure and verification of the
uniqueness of the descriptors.

The second study was the main study to build a model between
subjective and objective data, the third was the validation study.

The descriptors were introduced to all subjects prior the evaluation.
Extreme examples were used to illustrate a descriptors maximum
and minimum value in order to guarantee the realization of its actual
span. Environmental effects, like wet hands or changing temperatures
were controlled or suppressed by adequate means. The optical sense
was switched off by having the test persons reach through a wall
with holes to examine the samples. The surfaces were spanned on
a hemisphere with foam patting underneath. The hemisphere was
designed to induce a 5 % surface expansion to the material, which is
the usual elongation of textiles used in cars (Figure 3).

In addition the three dimensional presentation enables the subject
to provide a more realistic judgment. The evaluation of the surfaces
was done by means of digital questionnaires on the tablets placed in
the study boxes. For this purpose, each descriptor had to be rated on
a 7-point Likert scale by the test persons. Throughout the studies a
total number of 26 textile surfaces (11 Headliner, 15 seat Material)
were presented and evaluated. These 26 materials represent the cross-
section of car interior textiles commonly used in practice. 116 subjects,
65 male and 51 female, participated in the study. The subjects were
between 19 and 80 years old.
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Figure 3 Hemisphere for material presentation.

The third study, the validation study, was conducted with 22
subjects, 15 male, 6 female, aged 21-59years. For this study, seating

Initial tem perature sensation

Roughness
Directional difference
Structural regularity
Structure height
Structure contour

Slipperiness
Elasticity
Hardness

Quality impression
Figure 4 Textile descriptors with their minima and maxima.

The materials were characterized using the methods shown in
Table 2. In the following, the results of the methods are shown, which
are necessary according to the correlation analysis for the description
of the haptic sensation of textile materials in automotive interiors.

The thicknesses D of the used materials without lamination
range from 0.5mm-1.68mm. For the materials with lamination, the
thicknesses are highly dependent on the lamination material, such as
foams, nonwovens and range from 0.55mm-4.43mm.

The bending stiffness was determined according to the Hohenstein
test specification. In each case, the right and left side as well as the
wrap/weft direction were considered. For the unlaminated materials,
values between 11.9° and 64.2° were measured, laminated materials
again showed higher values overall and laid between 49.0° and 90°.
The higher the value, the stiffer the material. The bending angle 90°
represents the maximum value of this measurement.

Using the rheometer HAAKE MARS, the friction force Ff and
the friction coefficient (static/kinetic) of the materials could be
determined. To investigate the friction behavior of the materials,
ring rotors were rotated on the materials at loading pressures of 1N,
5N, 10N, 15N and 20N for 60 seconds at a speed of 1mm/s. Friction
is lower on materials with longer protruding fibers, such as the
nonwovens, than on “smoother” materials. This could be due to the
protruding fiber ends, which move somewhat with the rotation of the
measuring geometry and thus provide lower friction. At higher loading
pressures, the coefficients of friction are lower than at lower loading
pressures. For example, at load pressures of 1IN, the coefficients of

Copyright:
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materials were selected that fit mainly within the range of the main
study materials in terms of material properties. The study design was
exactly the same as in the second study.

Results
A. General results

With the help of the Leap Motion Controller combined with the
textile sensor mat, characteristic pressures and movement speeds of
15 test persons could be determined. On average, a mean pressure
of 3.55 N +/- 0,8 SD and a mean speed of 0.13 m/s +- 0,04 SD were
obtained for the lateral movement.

Forbetter communication along the supply chain, textile descriptors
were developed in the first study. The different descriptors, together
with their assigned minima and maxima are shown in Figure 4.

Specifications

| 1T T |

friction average 0.426 for fabrics and only 0.193 for a load pressure
of 20N.

With the SoftTec, it is possible to recreate the hardness that a
person feels when touching surfaces. A ball stylus (20 mm diameter)
is applied vertically to the specimen. The material thickness, the
penetration depth and a force-displacement diagram are output. The
measurement parameters of 3N normal force and 2mm/s velocity
were chosen based on the results of the exploration movement tests.
Penetration depths between 20% and 75% were measured for the
different textiles.

The measuring principle of the RoughTec is based on the stylus
method. The surface of the specimen is traversed with different probes,
loads and speeds. The measurement was carried out in accordance
with DIN EN ISO 4287. The slowest speed, the lowest load and the
smallest stylus can be used to record the actual roughness of the
material most accurately. For the roughness parameter Rt, values were
measured in a range from 100 to 600um. However, this roughness
does not necessarily have to correspond to the perceived roughness.
For this reason, further roughness measurements were carried out
with a stylus like the fingertips (20mm ball stylus), the maximum
measuring speed of the instrument of Imm/s and a load of 3000mN.
These measurement parameters were chosen based on the results of
the exploration motion studies. During these measurements, some
materials experienced snagging of the sample with the textile. Thus,
these measurement settings are not to be considered as purposeful. All
other measurement results were considered in the correlation analyses.

Citation: Simon F, Strangfeld M, Gussen L, et al. Prediction model for the analysis of the haptic perception of textiles. | Textile Eng Fashion Technol.

2021;7(3):79-85. DOI: 10.15406/jteft.2021.07.0027 |


https://doi.org/10.15406/jteft.2021.07.00271

Prediction model for the analysis of the haptic perception of textiles

B. Correlation analysis

In order to validate the human studies according to the
relationship between the subjective and the objective parameters a
Pearson’s correlation coefficient was used to analyze the correlative
relationships. In the case of psychological questionnaire data, values
of 0.3 and above are referred to as a low correlation, values of 0.5 and
above are referred to as a good correlation, and values above 0.7 are
referred to as a (very) high correlation. The analysis was performed
for the correlation between the descriptors of the subjective study
and the objective material parameters. It was done separately for the
seat materials as well as for the headliner materials. The measured
objective roughness parameters (Ra, Rt, Rz) correlate between good
and very high for the seat materials with the subjective statements on
the descriptors belonging to roughness (0.64 to 0.86, n=15, p<0.05). In
the case of headliner materials, the texture height descriptor correlates
good (0.70 to 0.85, n=11, p<0.05). For all 4 descriptors (roughness,
directional differences, texture height, scratchiness), a positive
correlation is observed. Exactly the opposite is true for the perceived
elasticity. The lower the perceived elasticity, the higher the measured
stiffness (-0.71 to -0.95, n=15, p<0.05). Another negative correlation
was found for perceived temperature and measured stiffness (-0.68,
n=15, p<0.05). This means that stiffer materials feel colder. This could
be explained by creating a higher contact surface while touching the
surface. In total the correlation between subjective and the objective
parameters lead to good relationship between the variables. This is
necessary to perform the second step to find a prognosis model, based
on objective parameters.

C. Multiple regression analysis

While correlation calculation determines the strength of a linear
relationship between two items, regression analysis determines
the functional relationship between several quantitative items. The

6

S5-variable prediction
Y] w F= (V)]

=

0

0,00 1,00 2,00
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scope of the work is to objectivate the subjective ratings with an
easy to use prognosis model. Here, the characteristic Y (perceived
quality) is considered as a dependent variable of the independent
influencing variables X (physical characteristics). The aim of the
analysis is to achieve the best possible agreement for the perceived
quality with as few physical parameters as possible. A sequencial
multiple regression analysis was used to match the best number of
variables, always compared with the coefficient of determination. Of
the 19 different physiological parameters available, the five with the
highest predictive power were selected using regression. In the end
these five variables represent a reasonable amount of measurement to
use to predict perceived quality very well. Seat materials (SM) were
analyzed separately from headliner materials (HM). After the multiple
linear regression, the following model is obtained for predicting the
quality perception of the respective material.

Quality,, = - 0.907 + 1.778*d + 0.002*S_ + 0.001*i, - 0.093*S_
+22.987*, (1)

Quality,, = 6.090 + 0.240*d - 0.009*R + 0.007*R, + 0.668*p, -
8.552 *u(2)

With d thickness [mm], S, deformation characteristic [mN], i,
wetting index [s], S, warp direction stiffness [°],

15 W, coefficient of friction at IN & 20N, R, roughness depth
[um], R, average roughness depth [um]

It should be noted that the best individual correlations combined
do not necessarily result in the best prediction of quality. For the
headliner materials (Figure 5), the model has a prediction quality of
almost 98% (n=11, p<0.05). The prediction quality of the perceived
quality of the seat materials is just under 80% (n=15, p<0.05).
Therefore, it is possible to predict the perceived quality on the base of
objective parameters.

A

R?=0,9782
3,00 4,00 5,00 6,00
quality

Figure 5 Comparison of predicted quality perception (y-axis) vs. test person statement (x-axis) — headliner materials.

To validate the created model, a third study was conducted. The
five physical characteristics from the model were recorded. The
determined material characteristics were now used in the formula for
the seat materials and plotted against the assessment of the test person
study. For four of the five materials, predicted quality and the test
persons’ statements fit.

Discussion

A thorough understanding of human exploration of surfaces and
haptic perception will help improve the sensory design process of

products.” Domains that are strongly associated with haptics (e.g.
touch screens) could benefit from this knowledge. To this end, the
LMC was used to investigate specific hand movement sequences and
hand velocities during the exploration of a textile surface. To fully
capture exploration movements, we determined the measurement
of the pressure a human exerts to explore a surface. To do this, we
combined the LMC with a textile sensor mat and fused the data.

Overall, the results obtained in this research project represent an
advance for the objectification of subjective surface descriptions. Each
subjective description of a surface could be assigned to one or more
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objectively measured technical parameters. For several descriptors,
a correlation was found between the objectively measured technical
parameters and the subjects’ evaluation. Furthermore, this work shows
a concept for the prediction of haptically perceived textile quality with
the help of objective measurements.

Previous metrological approaches to objectively assess the haptic
sensation of a textile mostly work with the approaches of touching the
fingertips or gripping a textile with the whole hand.'*!* However, in
the case of cover materials, it is no longer possible to grab the material
with the whole hand, because they are built in. In addition, these
approaches usually only consider the material properties (technical
parameters) in isolation and do not establish a connection to the
perception of quality. The same concept is used in.'® Five texture, two
friction, five deformation, two thermal and one adhesion parameters
are determined and assigned to a reference scale. This makes it
possible to classify the materials among themselves, but there is no
prediction possibility of human perception. In our model, the objective
parameters are used to predict the human perception of quality. In
addition, we were able to set up various statistical models to predict
the haptic textile surface quality. We created an all-encompassing
model for car interior textiles and were also able to create separate
models for headliners and seat materials with even higher predictive
power.

Conclusion

Based on the proposed results it can be confirmed that data
based statistical models can predict which textile materials would
be preferred by the customer. This paper also shows that subjective
perceived haptic surfaces quality can be measured objectively by
using different measurement systems. This approach can be used in
the product development process to predict and validate the haptic
surface perception of, for example, newly developed products. This
type of surface validation of textiles helps manufacturers to predict
how the customer will accept the material before it reaches the
market. Consequently, this information could create value for the
manufacturer.

However, one has to keep in mind that the best haptic surface does
not directly mean that the customer wants to buy the surface. The
human perception is multisensory by nature therefore in the future
a multisensory databased model which includes the acoustic and
optical senses should be considered in order to predict human surface
perception.
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