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Abstract: Due to recent progress in human-machine inter-

action the development of interfaces ensuring a safe col-

laboration between handling devices and workers is gain-

ing in importance and impact to the industry field. For an

adequate operation, combined sensing and actuation capa-

bilities are sufficient for interaction units. Smart materials

like dielectric elastomers (DEs) are predestinated for inte-

grated multi-functional applications. DEs are lightweight,

high energy density and highly stretchable transducers suit-

able for many different operation areas, like movement

tracking, force sensing, haptic feedback and sound gener-

ation and can be used to develop highly integrated textile-

based user interfaces. This paper shows first results on the

development of a novel intelligent glove prototype based

on DE elements. The main focus of this investigation lies

on DE-based integrated joint angle and force measurement

units as well on a cost-efficient and slim sensing electronic.

By embedding the resulting system in an Industry 4.0 envi-

ronment, an adaptive assistance tool can be developed. The

resulting system can be used to monitor the desired motion

of a worker and to respond with a corresponding haptic

feedback, which depends on the specific interaction task.

This makes the resulting system a novel, portable assistant

tool for industrial environments.
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1 Introduction

In many different areas in the production line a communi-

cation possibility between a worker and the industry envi-

ronment during the process chain is very important. On the

one hand, it is necessary to give an easy-to-use and very

intuitive possibility for information disclosure, on the other

hand it is also important that the user of the assistance

tool can get a feedback from the communication partners

or the environment. For these requirements the character-

istics of dielectric elastomers (DEs) promise a number of

application scenarios. For the use in an interactive, haptic

assistance tool, especially the combination of actuation and

sensing is decisive. Additionally, the high energy density,

flexible geometry, high inherent flexibility/stretch, simple

structure and low weight [1] are characteristics that per-

fectly match the use in mobile usage and integration into

textiles. In Figure 1, the possible features of the smart glove

are presented. The presented assistance tool is intended to

detect themotion of theworker and serve as an information

assistant in the production environment. The information

feedback to the worker can be haptic (e.g. vibration, force

pulse), kinesthetic (e.g. restriction of certain degrees of free-

dom of the hand), visual or acoustic. The multifunctionality

of DEs for user interaction are already proposed in [2], [3],

where the DE is simultaneously used for sensing, haptic

feedback (low-frequency actuation) and acoustic feedback

(high-frequency actuation). In this paper, the main focus is

on the sensing features of a smart glove. The two major

interesting measurement variables are the hand position

respectively gesture as well as the applied force, which

is supplied to a component or tool, for example gripping

forces, pushing forces or even torques. It is possible to cal-

culate tightening forces and moments for screws or clamps.

Another use case is to estimate a desired movement via the

acting forces and give an intelligent help by the handling

device. In addition, the measurement of grasping forces can

Open Access. © 2024 the author(s), published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0 International License.

https://doi.org/10.1515/teme-2024-0003
mailto:sebastian.gratz-kelly@imsl.uni-saarland.de
https://orcid.org/0009-0001-8793-3748
mailto:s8daphil@stud.uni-saarland.de
mailto:b.fasolt@zema.de
mailto:sophie.nalbach@imsl.uni-saarland.de
mailto:p.motzki@zema.de


196 — S. Gratz-Kelly et al.: Gesture and force sensing elastomers for intelligent gloves

Figure 1: Possible features of the smart glove.

give an assessment whether the ergonomic conditions are

met. The finger movement and position can be important

to classify and validate certain tasks of the worker or iden-

tify dangerous situations, like squeezing the fingers in a

machine aswell as ergonomic aspects of theworker activity.

Force measurement based on DEs has been already

presented in the literature [4]–[6] andDE-based gesture and

body movement sensing is developed in [7]–[9]. This paper

presents an upscalableway to integrate sensors directly into

textiles and develop an integrated low-cost electronics for

the usewith DE sensors based on cheap components proven

in industrial environment. The DE sensors are mainly used

as capacitive strain sensors, although it is possible to use

the DE electrodes as resistance sensors, but this results in

non-monotonic strain responses [10]. The concept of the

sensing glove is validated with capacitance measurements

of the single DE elements.

The integration of different DE-based elements in tex-

tiles has been demonstrated in [11], [12]. For sensor appli-

cations, different institutes are developing and researching

textile integrated sensors, like the Research Center E. Piag-

gio, University of Pisa [13], the Department of Biomedical

Engineering and Biomaterials, Queen Mary University of

London [14], the Biomimetics Laboratory of the Auckland

Bioengineering Institute [7]–[9], the John A. Paulson School

of Engineering and Applied Sciences, Harvard University

[15] and Kyushu Institute of Technology [16]. Many research

articles deal with intelligent sensor gloves, but inmost cases

these are based on single sensors without textile-integrated,

flexible and wearable electronics. In addition, the integra-

tion of sensors for gesture recognition and force recognition

is not presented simultaneously and with correspondingly

adapted common electronics. In [17]–[28] different devel-

oped smart gloves are shown as example, [29] compares

different commercially available smart gloves.

2 Functional principle of dielectric

elastomer sensors

Dielectric elastomers consist of an elastomer membrane

with flexible electrodes on each side of the membrane

(Figure 2). Electrically a DE is a capacitor with flexible area

and thickness. The capacitance can be calculated with:

C = Q

U
= 𝜀0𝜀r

A

d
. (1)
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Figure 2: Working principle of dielectric elastomer sensors: (a) DE construction, (b) deformation of the DE by external stimuli, (c) sensor configuration

for measurement of stretch, force or angle.

where Q is the charge on the capacitor, U the voltage at the

electrodes, 𝜀0 the vacuum permittivity and 𝜀r the relative

permittivity. A is the surface area of the electrode mate-

rial and d is the thickness of the polymer dependent on a

variation along the z-axis. There are different ways to use

DE sensor properties for stroke and force measurement,

by adapting the geometry and the mechanical setup of the

subsystem, and even use them in actuator applications or

for self-sensing [8], [30], [31].

For the dielectric material of the DE we used PDMS

Elastosil 2030 filmbyWacker,with initial thickness of 50 μm.
The electrode material were made of PDMAS (SilGel 612 by

Wacker) loaded with carbon black particles (Orion Printex

XE2) applied to the silicone-film by screen-printing [32]. In

practice, the flexible electrodes have a relatively high resis-

tance, which affects the performance and sensor behavior

of the DE [32], [33]. The equivalent circuit diagram of a

dielectric elastomer is accordingly, in a simplified way, a

capacitance in series with a resistor. The parallel membrane

resistor is on the order of several MΩ and can be neglected.

In Figure 3, the resulting equivalent circuit of a DE sensor

is shown. The serial resistor of the DE Rs represents the

surface resistance of the flexible electrode and the contact

resistance of the electrical connections. The serial resistance

of the used carbon black electrodes is in the region of sev-

eral kΩ depending on the geometry and the manufacturing

process. The capacitance of an ideal DE can be calculated by

the geometry-depending Equation (1). Due to the relatively

Figure 3: Equivalent circuit of DE sensor with (a) simplification of the

basic DE structure and (b) a cascade of the simplified RC circuits.

high resistance of the electrode material a real DE can not

be sufficiently modeled with a simple RC circuit. A better

representation of the real DE can be achieved by cascading

more RC circuits in series [34], [35].

For a model of three RC elements like in Figure 3(b) the

impedance can be calculated for symmetric model values

(R = RDE1 = RDE2 = RDE3 and C = CDE1 = CDE2 = CDE3) with:

ZDE = R+
1

j𝜔C
⋅
(
R+

2R

j𝜔C
− 1

𝜔
2C2

2

j𝜔C
+2R

)

1

j𝜔C
+
(
R+

2R

j𝜔C
− 1

𝜔
2C2

2

j𝜔C
+2R

) . (2)

Equation (2) shows that even for a relatively easy

assumption of a DE model, with just three separation

levels, the electrical behavior of a DE is not trivial, which

also leads to difficulties for the electronic measurement

of the DE capacitance. With that in mind, the capacitance

measured with standard measurement equipment (which

is accurate for an ideal capacitance) is an approximation of

a simplified DE model.

3 Design of the intelligent glove

The developed glove consists of two different types of DE

sensors. Stretch sensors are used for sensing of the joint

angles of the fingers and DE based force sensors are used

to measure the gripping or handling force of the user. The

two different sensor types require different constructional

and mechanical boundary conditions and manufacturing

processes. For this reason the design, functional principle

and manufacturing is presented in the following.

3.1 Design of gesture recognition sensors

For the recognition of single finger joints a selection of

the most important finger joints is measured. The human

hand itself has already all together 29 degrees of freedom

(with free space positioning of the hand) [36]. To reduce

the complexity of the sensor layout, but still measure the

most important positions of the fingers, nine finger joints
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are individually measured. For the nine sensors a separate

sensing-electrode and two ground electrodes are designed

in a way that they exactly overlap at the areas where the

joints of the fingers are measured. With the used electrode

design it is possible to sense more single sensors with less

electrical connections like a sensor matrix element (com-

pare [37]). The absolute position of the hand in space can be

measured with an inertial measurement unit (IMU) which

can be placed at the backhand of the glove for example.

To increase the capacitance change of the DE and addi-

tionally shield the DE electrode from surrounding interfer-

ences, a ground layer is applied on both sides. In Figure 4,

the structure of the glove with three DE layers and specif-

ically adapted sensing electronics is shown. The three lay-

ers are glued together during the screen-printing process.

The electrodes are designed in a way that they fit to the

desired joint positions of the hand and the connection

lines are realized by screen-printed carbon black electrode

material.

Compared to other solutions in literature we use one

single low-cost sensing electronic system with multiplexers

to switchbetween thedifferent sensors. Byusing aDEdesign

Figure 4: Structure of the sensing glove with three-layer DE and

matching electronics.

with two different ground areas it is possible to use only

five connection pads between the DE electrodes and the

electronics board and small sizemultiplexers tomeasure all

nine joints.

With this procedure, a manufacturing process for the

DE element itself and the layering of more elements as

well as the connections to the electronics is possible. Fur-

thermore, with a similar procedure, the DE stack can be

directly applied onto a textile. In that case, the textile (80 %

polyamide, 20 % elastane; 210 g/m2) first gets pre-laminated

with an adhesive layer and then the staked DE element is

bonded to the textile.

During themanufacturing it is also possible to integrate

electrical connections and electrical boards to the silicone

film. By using flexible printed circuit boards (PCB) they

can be connected with a conductive adhesive connection.

With the flexible connection it is possible to reduce the

mechanical stress in the electrical contact. Additionally, a

silicone film can be added to further reduce the mechanical

stress and realize an independentmechanical and electrical

connection. Due to the very low thickness of the DE element

(around 150–170 μm) it is possible to integrate the DE ele-

ment and the textile to a composite. In Figure 5, the produc-

tion process of a textile integrated DE sensor is shown.

3.2 Design of force sensors

A second sensing component to complement the glove are

force sensing elements. These elements can be integrated

at different regions in the inner hand part of the glove.

Depending on the position either gripping forces or pushing

forces, i.e. the processing forces of working steps, can be

measured. For force sensing, different concepts are devel-

oped and compared [5]. For the integration into the glove a

structure shown in Figure 6, designed in a similarway to [6],

[38], is used. It is not possible to directly measure the force

exerted on the DE, which means that it is always necessary

to convert the exerted force into a deformation. Depending

on the mechanism used to transfer the applied force into a

measurable deformation, the system behavior changes [5].

In the force sensors used, a mechanism for converting the

force applied to the electrode surface into a change in the

strain of the DE is realized by using interlocking silicone

structures on the DE electrode (Figure 6(a)). The force range

can be adjusted by changing the geometry of the interlock-

ing silicone structure (e.g. height h of the structure elements

and radial distance of the structuresΔr) which is applied to
electrodes of the DE

By structuring the electrode it is possible to also detect

the direction of the applied force. With a 4-segment elec-
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Figure 5: Textile integration of DE based sensing element.

Figure 6: Force measurement sensor based on DEs with possibility of directional force measurement. With (a) design and pictures of the force sensor

with interlocking silicone structure and (b) electrode design for four segment sensor with picture and marked sensor areas.

trode (see Figure 6(b)) it is possible to detect which seg-

ment is pressed more than the others to calculate the force

direction. The integration of the force sensors can be done

in a similar way like for the joint angle sensors (Figure 5).

In addition, the interlocking silicone structure for the spe-

cific force-deformation transformation has to be integrated.

Firstly, the interlocking silicone structure was glued to the

textile part at the desired position and afterwards the DE

layers was adhered to the textile and the silicone structure.

In a last step the second part of the silicone structure is

applied to the silicone film. In that way it is possible to

integrate the force sensors during the lamination of the DE

elements to the textile.

3.3 Electronics design

The electronics design is shown in Figure 4. With a different

electrode shape for the ground electrode and the sensing

electrode it is possible to lower the needed number of elec-

trical connections from the DE to the sensing electronic

(Figure 4). Two multiplexers switch between the different

sensors. Onemultiplexer just switches between two states of

the ground electrode to change between the metacarpopha-

langeal joint (first/lower joint) and the proximal interpha-

langeal joint (second/middle joint) of the specific fingers, the

second multiplexer differentiates between the single five

fingers. To realize a real – timemeasurement of the all nine
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sensors, the electronics needs to be able to measure every

single sensor in less than three ms.

The capacitance measurement itself is realized with

a custom electronics based on inexpensive, commercially

available and reliable components. The capacitance-sensing

measurement concept is based on cyclic charging and dis-

charging time measurement. In Figure 7, the correspond-

ing equivalent electric circuit is shown. The DE is charged

and discharged over a loading resistor. In the picture, CDE,N
represents the partly defined DE capacitance (variable) and

RDE,N the surface resistance of the electrodes and R1,R2
are resistors involved in the charging/discharging phases

of the sensing cycle respectively, Usupp is a constant voltage

provided by a supply source. To simplify the circuit diagram,

the real DE equivalent circuit is considered to be a simple

capacitance.

The DE sensor is cyclically charged to voltage Umax and

then discharged to voltageUmin (withUmin < Umax < Usupp),

and the duration tr of the resulting cycle time as sum of

charging time tc and discharging time td, tr = tc + td is mea-

sured. By varying geometry and thickness due to stretch or

deformation of the DE, the capacitance of the DE changes

Figure 7: Capacitance measurement principle with (a) equivalent circuit

and (b) charging and discharging time measurement.

and the resulting time tr for the full charge-discharge cycle

also changes. The current flowing in the circuit during the

charging transient is

I(t) =
Usupp − Umin

R1
⋅ e

− t

R1 ⋅CDE , (3)

where t is time, Umin the voltage on the DE at t = 0 and

I(t) = (Usupp − Umin)∕R1 the initial current.
The charging time is calculated by setting

I
(
tc
)
=

Usupp − Umax

R1
, (4)

corresponding to a condition where the voltage on the DE

sensing layer is Umax, which leads to:

tc = R1CDE ln

(
Usupp − Umin

Usupp − Umax

)
. (5)

Similarly, the discharging time during which the DE

voltage is decreased from Umax to Umin through resistor R2
is

td = R2CDE ln

(
Umax

Umin

)
. (6)

The total cycle time is thus proportional to CDE:

tr =
[
R1 ln

(
Usupp − Umin

Usupp − Umax

)
+ R2 ln

(
Umax

Umin

)]
CDE. (7)

While in practice more complicated relationships

between tr and CDE might apply (owing, e.g., to the DE’s

compliant electrode resistance with a more complex DE

circuit like Figure 7), a monotonic relationship between

cycle time tr and capacitance CDE is expected to hold. The

DE is combined with electronics that produce an frequency

dependent PWM output signal where the output frequency

is inversely proportional to the cycle time tr [3].

To integrate the sensing-electronics, peripheral ele-

ments like programing units, voltage supply and a bat-

tery are needed. These components are integrated in a

flexible silicone housing with additional flexible PCB con-

nections. The silicone housing can be integrated into the

glove shaft or worn like a wristband. The silicone frame

is casted in two parts in a mold, adapted to the electron-

ics, and can be glued together to fix the single electronics

elements.

Figure 8 shows the construction of the electronics

assembly and integration into the silicone frame. Two simi-

lar sensor electronic components can be used for the back-

hand (stretch sensors for finger position measurement) and

the palm of the hand (force measurement).
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Figure 8: Electronics assembly with silicone holder, battery, voltage supply and programming unit and sensing-electronic. (a) Measurement unit with

battery element, (b) power supply and second measurement unit and (c) picture of assembled electronics with silicone holder.

4 Test rig design and measurement

results

4.1 Test rig

To measure the movement of the glove in a repeatable

and controllable way a specific test rig for the joint angle

measurements was designed (Figure 9). For that the used

glove is fixed to a 3D-printed element based on thermoplas-

tic polyurethane (TPU) material. With the flexible material

and 3D-printed fixing elements specific joints of the glove

can be deformed correspondingly to the human anatomy.

The clamping elements for each finger can be connected

to a motor, which pulls on cables to move the finger down.

The amount of movement can be controlled by the rotation

angle of the motor (NEMA 17 with 0.9◦ per step).

To evaluate the real angle of the desired joint a camera

ESP32-CAM Development Board with OV2640 camera mod-

ule by APKLVSR is used with image processing to recalcu-

late the actual angle of the joint (processed with Matlab).

To realize a synchronous and symmetric movement of the

finger joints, springs are integrated to pull the finger back to

the original position. To control the motor and the sensing-

electronic a corresponding validation unit is included in a

3D-printed housing.

For theDE-based force sensors a linearmotor (Aerotech

ANT – 25 LA)with a 10 N load cell KD40s (ME – Meßsysteme)

Figure 9: Test rig setup for (a) hand movement sensors and (b) force sensors of the glove.
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is used to measure the force applied to the sensor. The

DE element is clamped with a 3D-printed frame and the

deformation is measured by the axis position validated by

the linear motor directly. The force measurement test rig

is controlled via a National Instruments FPGA programmed

with LabView.

4.2 Results

To evaluate the ability of the prototype to measure the

finger movements and gestures, measurements for the dif-

ferent fingers are performed. The motor is pulling on one

finger and all sensors are measured in real time with the

custom-made electronics. The multiplexer is switching at

500 Hz and can measure all joint data within 18 ms. The

measurement values are filtered with a moving average

filter (Matlab smooth()-function with a span of 2.5 % of

the total number of data points and ‘rloess’ smoothing

method).

In Figure 10, an exemplative measurement of the dif-

ferent sensors for a movement of the index finger (prox-

imal interphalangeal joint) can be seen. It can clearly be

seen that the movement of the index finger can be fitted

to the measured angle with the camera. The other sen-

sors are staying constant. Only the second sensor for the

index finger (metacarpophalangeal joint) is slightly influ-

enced by the movement of the finger, which leads to a

change in themeasured capacitance value. The signal of the

base joint can be explained by the stretch supplied to the

textile by the deformation of the respective finger middle

joint.

Table 1 presents the capacitance change during the

measurement for all measured joints. On the diagonal the

capacitance change of the articulated joint is set to 100 %

and the measured difference for the not articulated finger

joints is additionally shown. The capacitance difference is

measured by taking the mean value of the capacitance for

a time period before the actuation and subtract it from the

mean value of the capacitance in the complete elongated

state for the same time frame.

The value for the capacitance change of the not articu-

lated joints is measured with the same two time frames. It

can be seen that for the actuation of the middle joints only

a noticeable capacitance change of the corresponding base

joints at the same finger appears. The capacitance change

of the other elements is always below 10 % of the deformed

sensor. These capacitance changes can be explained by the

stretch field, which is applied to the textile and are a combi-

nation of real stretch of the sensors and noise of the electric

measurement.

Figure 10: Exemplative capacitance measurement of nine hand joints (5 base joints+ 4 saddle joints) for a moving angle of 50◦ on the index finger.

With the measured capacitance of (a) the pinky middle joint, (b) the ring finger middle joint, (c) the middle finger middle joint, (d) the motor trajectory

measured with the camera and the index finger middle joint capacitance, (e) tumb base joint measurement and (f) the base joint measurements for

the fingers (ring, middle and index finger) and the thumb saddle joint.
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Table 1:Measurement for all articulated finger joints with relativeΔC (compared toΔC of the articulated sensor) and absolute change of the not
articulated finger joints. The vertical axis represents the cause (moving joint) and the horizontal axis represents the measured axis (measured capacity

at the respective sensor). Darker shading means higher measured capacitance values.

Themechanical stretch of thewhole textile-silicon com-

posite has a much higher influence by articulating the

respective base joints. This can be further influenced by

the change of the lead resistance to the measured sensor

if the base sensor is deformed. With these two influence

parameters, the recalculation of the exact joint positions

is more complicated by deforming the base joints of the

fingers. In a real application not a single joint is moved but

a gesture or movement of the whole hand is performed. In

this case, the stress in the deformed area of the base joint

will be reduced and also the incorrect measurements are

dropping.

For the force measuring sensor, different geometries

had been compared to show that the force behavior can be

influenced and fitted to the specific need. Additionally, the

pre-stretch of the siliconemembrane has an influence to the

sensor behavior. In Figure 11, the capacitance for different

geometries and pre-stretches of the DE membrane is dis-

played. Presented are the mean values of 3 measurements

each. It is to be expected that the measurable force will

be higher for higher pretensions of the silicone membrane

and that the force will also increase when the gap of the

intersection silicone structures becomes narrower. Increas-

ing the height of the silicone structure should increase the

linear range and thus the overall measurement range of the

sensors. The force is larger for smaller space between the

interlocking silicone structure elements on the opposite side

of the DE membrane (compare with Figure 6). The sensi-

tivity for the quasi-linear region is higher with higher pre-

stretch. If the silicone structure is completely pressed into

the negative (lower) part of the silicone structure (defor-

mation > h; see Figure 6) the sensitivity decreases and the

force increases significantly. The different geometries are

characterized by the radial distance between the structural

elements (in this case 0.75 mm; 1.5 mm; and 2.25 mm dis-

tance) which corresponds toΔr in Figure 6.
Moreover, by using structured/patterned electrodes

(see Figure 6) the direction of the force respectively the

pressed area can be determined. Therefore, in the test setup

a plunger, moved by a linear motor, presses just on one ele-

ment of the four-segmented DE sensors. All four segments

of the sensor are read out and simultaneously the applied

force is recorded with a load cell.

In Figure 12(a) and (b), the deformation profile of the

motor and the resulting force measured with the load cell is

illustrated. For the one segment, which is directly deformed,

the force-displacement and displacement-capacitance

curves are shown. In the force measurement, a stiffness

kink when reaching the sensor ‘end position’, can be

recognized at an indentation of approximately 2.8 mm.

However, due to the flexibility of the covering silicone and

the resulting deformation of the DE membrane the force

can be further increased and measured also after reaching

the ‘end position’ of the sensor. This can either be used to

specifically choose the height of the silicone structures in a

way that two stiffness regions can be applied to the sensor

(for example a high sensitive region for finer working

steps and a region were macroscopic gripping forces are

measured) or the higher stiffness region can be used as a
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Figure 11: Influence oft the structure geometry and pre-stretch of the DE membrane to the capacitance-force performance. (a) 30 % biaxial

pre-stretch and (b) 20 biaxial pre-stretch of the membrane. The different structure values characterize the distanceΔr between the intersection
structures on opposite side of the DE.

Figure 12: Measured deformation of one segment of the force sensor with (a) force and deformation of the pressed sensor segment and

(b) capacitance change for the pressed segment and comparison with the capacitance change of the three other segments. (c) Capacitance variation

for different geometries and pre-stretch of the silicone foil for different sensors.
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safety region to not break the sensor by applying higher

forces.

The capacitance change of the not directly deformed

segments are around 12 % of the capacitance change of

the pressed segment (for a maximum force of 10 N), which

can be explained by the slight deformation of the whole

sensor. The capacitance change of the undeformed seg-

ments reaches a plateau at deformations higher than the

appeared force kink, because the upper and lower silicone

frames are pressed together and the resulting deformation

of the structure itself is negligible. In Figure 12(c) the capac-

itance change of different sensors with different geome-

tries and pre-stretch of the DE membrane are compared.

The capacitance change increases with higher pre-stretch

and decreases with higher gaps between the silicone struc-

ture. The capacitance variation is shown in a boxplot with

median (red line) and lower and higher quartile (blue box).

5 Conclusions

We described the development of an integrated sensory

glove with different sensor structures. The focus of the

development is the manufacturability, low cost and robust

construction as well as a custom made integrated, low cost

electronics. The design of the dielectric elastomer sensors

is fitted to the geometry of the glove and can be adapted

to other body parts. The manufacturing process for the

DE-textile composite is presented and can be implemented

during the standard production process of DEs. To show the

functionality and validate the performance of the glove and

the electronics, measurements of the sensors are described.

With the developed sensors and electronics it is possible to

detect the finger position with 9 joint angles in real-time

speed and forces in different customizable force ranges

from low forces to higher forces (several 10 N).

With the further integration of actuators for haptic

feedback for example, a unique interaction interface and

assistance tool could be realized. With the shown con-

cepts, manufacturing processes and developments, textile-

integrated sensors and actuators for many different appli-

cations are feasible and the user interaction can be more

intuitively designed.
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