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Expanding foam as the material for fabrication,
prototyping and experimental assessment of low

cost soft robots with embedded sensing
Luca Somm, David Hahn, Nitish Kumar∗, Stelian Coros

Abstract—Fabricating robots from soft materials imposes ma-
jor constraints on the integration and compatibility of embedded
sensing, transmission, and actuation systems. Various soft mate-
rials present different challenges, but also new opportunities,
for novel fabrication techniques, integrated soft sensors, and
embedded actuators. For instance, extensive research on silicone
elastomers has led to the development of soft sensors based on
closed channels filled with liquid metal conductors, as well as
corresponding fluidic actuators by pressurizing cavities within
the body. In this paper, we present a novel approach to soft
robot fabrication using soft expanding foam as the base material.
While recent research points to elastic foams as a means to
reduce material, manufacturing costs, and robot mass, they
have not been explored much in the literature. This paper
presents fabrication and prototyping techniques for developing
low cost, custom-shaped soft robots from expanding polyurethane
foam. We describe how to integrate user-defined routing points
for transmission and actuation through cable-driven electrical
actuation systems directly into the foam. Furthermore, we explore
novel fabrication and prototyping techniques in order to build
and integrate soft sensors into the foam substrate, which we
demonstrate on soft robots varying in design complexity from a
soft gripper to a soft “puppy”.

Index Terms—Soft Robot Applications, Soft Robot Materials
and Design, Soft Sensors and Actuators, Tendon/Wire Mechanism

I. INTRODUCTION

THE defining feature of soft robotics systems is that
they consist predominantly of materials similar to human

tissue in terms of elastic moduli [1], [2]. The main components
of these systems are the soft robot structure itself [3], [4],
alongside sensing, transmission, and actuation components.
All four components need to be made of, or built into, a
soft base material, imposing constraints on the choice of
materials and fabrication methods. Recent advances in soft
robotics research have enabled the use of new soft materials
by developing novel fabrication and prototyping techniques,
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each tailored to a particular material [5], [6], [7]. Previ-
ously studied materials include silicone elastomers, urethanes,
hydrogels [8], [9], braided fabrics, hydraulic fluids, liquid
metal conductors, and many more. For instance, silicone
elastomers are often used for the soft robot structure. Their
non-porosity favours fluidic transmission and actuation [10],
[11], as well as sensing based on micro-channels containing
liquid metal conductors [12], [13] such as EGaIn (Eutectic
Gallium Indium).

In this paper, we focus on robots made of soft elastic
foam. While both the micro- and macro-scale mechanical
behaviour of these foams has been studied experimentally and
numerically in various works [14], [15], [16], such expanding
foams have not been studied extensively for soft robotics
applications. Poroelastic foams encapsulated in a PDMS
(polydimethylsiloxane), or in a silicone elastomer sealing
layer, have been used for fabricating soft fluidic actuators [17],
[18], [19]. Previous work also investigated tendon-based actu-
ation and transmission systems [20], [21], [22]. In [20], [22],
tendons were sewed through a fabric “skin” placed around the
soft robot in order to reduce friction. Both of these previous
tendon and fluidic transmission approaches not only add an
extra step to the fabrication process of the soft robot, but also
introduce associated uncertainties and failure risks.

Some prior work on embedded soft sensors in foam struc-
tures include deformation sensing [23] and tactile contact de-
tection [24]. The former [23] relies on robotic fabrics attached
to the surface of the foam, where the motion of the fabric
relative to the foam surface may add noise or drift to the signal.
Furthermore, this approach adds considerable bulk around
the soft structure. The latter [24] embeds infrared LEDs and
phototransistors into soft urethane foam to provide multi-axis
tactile information. They manually embed discrete traditional
electronics components in a grid like pattern, making the
fabrication process cumbersome with increasing area. To the
best of our knowledge, a compatible sensing technique for
deformations of custom-shaped foam-bodied soft robots is not
available in prior work.

In this paper, we present the following contributions:
• Novel fabrication and prototyping techniques for fabricat-

ing foam-bodied soft robots, which integrate compatible
soft sensing, transmission, and actuation;

• An improved transmission system for foam-bodied
tendon-driven soft robots, which is incorporated while
fabricating the soft robot structure itself, thus avoiding
any additional “skin” or extra fabrication steps;
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• Fabrication and prototyping techniques for novel soft
sensors, which can be manufactured either as stand-alone
devices, or more importantly, integrated into our foam-
bodied soft robot structures.

• We also demonstrate the flexibility of our approach
by manufacturing some custom-shaped foam robots of
varying complexity from a soft gripper to a soft “puppy”,
and

• Experimentally assess our sensing and actuation methods
in a tele-manipulation master-slave setup.

The rest of this paper is organized as follows: in section II
we first discuss expanding foam as the base material for our
soft robot structures. We also elaborate on our fabrication and
prototyping techniques for our embedded tendon-driven actu-
ation system. In section III, we then focus on our soft sensors,
describing fabrication and prototyping techniques, as well as
their integration into the soft robot structure. We then present
our experimental results, in particular the demonstrators we
have manufactured, in section IV. We conclude our discussion
in section V, addressing specific challenges in the current work
and possible directions for future work.

II. SOFT ROBOT STRUCTURE FABRICATION

In this section, we first describe the materials we use
to fabricate our soft robots, as well as some general de-
sign concepts that follow from the material properties. The
main motivation for the choices we make here is that these
robots should be low-cost and could be fabricated without
the need for specialised hardware or expert knowledge. We
then describe the design and fabrication process in detail and
finally demonstrate the effectiveness of our approach on some
prototypes.

A. Materials

We choose soft polyurethane (PU) foam as the base material
for our soft robots. In particular, we use “FlexFoam-iT!™”
types III and V from SmoothOn Inc. for our experiments, see
[25] for details. These foams are two-component expanding
foams that remain soft after curing. They can be mixed
manually and cure within a few hours at room temperature,
allowing for fast and cost-effective prototyping of our soft
robots.

Predicting the exact volume expansion ratio of these foams
can be difficult [26], as it may depend on various factors
such as the relative amount of each component added to the
mixture, ambient temperature, as well as the mould geometry.
In our experiments we observed some deviations from the
manufacturer specifications; overall, however, we were able
to produce reasonably consistent results in terms of foam
expansion ratio and bulk mechanical properties, see Table I.
If a small amount of foam overflows the mould during the
expansion process, we simply cut it away once the foam is
fully cured.

Another important feature of these PU foams is that they
easily bond to many other materials as they cure. While this
behaviour requires the application of a wax-based release agent
(Ease Release™ 2831, [25]) in order to remove the cured foam

FlexFoam-iT!™ type III type V

Mix ratio (A:B by mass) 57.5:100 105:100
Expected foam density [g/l] 48 80

A+B by mass per expanded volume [g/l] 28+49 81+77
Experimental foam density [g/l] 75 ± 10 115 ± 10

TABLE I: Foam material properties: Mix ratio by mass
and expected foam density as per manufacturer datasheet
[25]; mixing mass determined experimentally (input mass of
components A and B per resulting expanded foam volume);
experimentally observed foam density (exceeds manufacturer
specification). Some of the foaming agent dissipates during the
expansion. We believe that the higher foam density observed in
our experiments is to some extent due to the internal pressure
building up inside of the mould, as we aim to err on the side
of caution, i. e. over- rather than under-filling the mould.

tendon path

closure groove

(a)

6.5 mm
1.7 mm

1 mm
(b)

(c) (d)

Fig. 1: Mould design showing tendon path with cylindrical
inset and gaps where pins are held in place, as well as mould
closure aids (a); pin geometry (b); fabricated part with pins in
place (c); actuated soft gripper (d).

from its mould, it also allows us to directly incorporate small
3D printed tendon routing pins into the foam, see Fig. 1. Our
soft robots can then be actuated by threading strings through
these pins and connecting each tendon to an off-the-shelf
servo motor. We route the tendons along the surface of our
robots and space the routing pins close enough to one another
along each tendon, such as to keep the tendons from touching
the foam during most deformations. In order to preserve a
smooth surface, we recede the tendons into small grooves
along the robot’s surface. This way we achieve good actuation
behaviour with low friction loss, while ensuring that tendons
or routing pins rarely come into contact with any other objects
our soft robots might interact with. We also avoid the need for
placing an additional “skin” on top of the foam, which would
complicate the manufacturing process.

We build free-form moulds for our soft robots from acry-
lonitrile styrene acrylate (ASA), [27], using a Stratasys F370
3D printer [28]. The layer height (printing resolution) is
approximately 1/4 mm. We use the same material to 3D print
the tendon routing pins and common string as tendons. We
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have observed excellent bonding between the PU foam and
the ASA pins, allowing for a remarkably small pin geometry
as shown in Fig. 1b.

B. Fabrication

We start the fabrication process by designing the geometry
of the soft robot we intend to build. We use free-form smooth
surface modelling based on Catmull-Clark subdivision sur-
faces [29] available in the open-source software Blender [30].
Once the general shape of the robot is defined, we choose paths
along its surface where we wish to place tendons for actuation.
Typically, we aim for 3 tendons at approximately 120° angles
for omni-directional bending of cylinder-like structures, such
as fingers or legs. For simpler examples, basic unidirectional
bending can be achieved with a single tendon, as the foam’s
elastic behaviour is sufficient to return the material to its rest
shape without the need for an antagonistic tendon.

We prevent the tendon routing pins from protuding out of
the robot’s surface by cutting out grooves of 2 mm radius
along the tendon path. We leave gaps of the same size as the
pin thickness, spaced at roughly 5 cm intervals along these
grooves. After the mould has been printed, we can push the
tendon routing pins into these gaps to hold them in place
while the expanding foam flows around and bonds to them
as it cures. We occasionally choose a denser spacing in highly
curved regions. The Boolean difference of the robot model
minus the groove shapes defines the inside surface of the
mould; Figs. 1a and 2 show examples of these tendon grooves
with pin placement gaps.

The mould modelling concludes by computing the Boolean
difference of an inflated (or “fattened”) copy of the model
(encasing the entire model) minus the designed shape. We also
remove excess volume to reduce 3D printing time and material
costs, generally aiming for 5 mm thick walls throughout the
mould. Of course, we want to be able to re-use our moulds
for creating multiple copies of each robot. Consequently, we
split the mould model into multiple pieces, such that the foam
can be removed easily after disassembling the mould. Note
that due to the flexibility of the foam, the pieces of the mould
can have some concave regions without interfering with the
removal process. In order to facilitate properly aligning all
the pieces and closing the mould quickly after adding the
expanding foam, we also add tongue-and-groove structures
along the edges of the pieces in the modelling phase.

We use Blender [30] for the entire modelling pipeline from
shape design to printable mould pieces. While we perform
these tasks manually for all of the prototypes presented in this
paper, Blender does offer a powerful scripting interface such
that this process can be automated in future work. At this point
we are ready to send the virtual models of all the individual
mould pieces to the 3D printer. Once all the pieces are printed
and cleaned, we can now manufacture the actual soft robot. We
first apply the release agent, and place tendon routing pins into
the prepared gaps. We then fill and close the mould, rotating
it slowly to allow the foam to flow around and enclose all
the pins. When the foam has cured (after about one hour),
we remove the robot from the mould and thread the tendons

(a) (b) (c)

Fig. 2: Given some initial shape for our soft robot with a
desired tendon path (a), we first extrude a circular cross section
along the path and leave gaps where pins will be placed (b);
we then use the result to cut the initial shape, leaving a groove
for the tendon (c). The shape shown in image (c) then becomes
the inside surface of the 3D printed mould.

(a) (b)

Fig. 3: Our four-legged soft robot: (a) designed mould pieces
and (b) final result.

through the pins. Because the foam bonds directly to the pins,
we do not require any additional glue to hold them in place.
Even our small pin geometry (Fig. 1b) can withstand forces
up to 15 N in the normal direction and 20 N in the tangential
direction (along the tendon). In fact, tearing the pins out of
the foam actually tears the foam in the vicinity of the pin, but
does not lead to debonding.

The soft robotic gripper (Fig. 1c & d) is our first “organic”
free-form design that was implemented and fabricated using
the techniques presented in this paper. It has 3 fingers, with
three tendons each for actuation. We also built a fairly large
four-legged foam creature (the “soft puppy”), see Fig. 3, again
embedding routing pins for 3 tendons per leg, such that two
tendons can support a forward walking motion, while the third
can bring the leg forward for the next walking cycle. We also
leave some space in its belly where we can install actuators.
This example shows that our foam-moulding technique allows
us to manufacture large, arbitrary-shaped soft robots in a single
moulding step, and that the inclusion of tendon routing pins
also works well for these larger moulds. We use type-V foam
[25] for both of these examples.

III. SOFT SENSOR FABRICATION AND INTEGRATION

While PU foam itself is an insulator, conductive varieties
are available off-the-shelf, such as those used in commercial
packaging of industrial electronics. However, these conductive
foams usually have very low volume conductivity and come in
pre-defined simple shapes such as thin sheets. Consequently,
there is no possibility to modify the conductive properties, and
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(a) soaked (b) coated (c) channel

Fig. 4: Different sensor fabrication techniques and cylindrical
test specimens for compressive loading experiments.

little room for customizing the shape of soft sensors based
on pre-manufactured foam. This section describes how we
fabricate our soft sensors and embed them into our foam-
bodied soft robots. The techniques described in section II
enable us to fabricate such custom-shaped soft structures. In
this section, we now investigate how to introduce soft sensing
into our soft robot fabrication process.

A. Fabrication techniques

The driving idea behind our soft sensors is to modify the
conductivity of the PU foam in a localized and task-specific
way to enable sensing of the foam’s own deformation. In order
to achieve the desired conductivity in the foam substrate, we
prepare a conductive “ink”, binding carbon powder of 50 nm
particle size (Vulcan XC72r) with regular acrylic colour (Caran
D’Ache) and mixing the resulting conductive paint with water
and a commodity emulsifying agent. We add 3 units of carbon
powder, 2.5 units of acrylic colour, and 6 units of emulsifying
agent per 100 units of water by weight. Also note that using
carbon or metal powder of larger particle size, as well as
mixing the powder directly into the foam, did not produce
the desired results in our experiments.

We present three different sensor fabrication techniques
based on this conductive ink. In the first approach, we soak
the whole soft substrate in the conductive ink, as shown in
Figs. 4a and 5a. The second method is to coat the sur-
face of the soft substrate with conductive ink, as shown in
Figs. 4b and 5b. Finally, the third technique is to form a
channel in the foam by making a shallow cut in the soft
substrate and depositing a small quantity of conductive ink
into it with a syringe, as shown in Figs. 4c and 5c. We perform
compression tests on the cylindrical samples, Figs. 4 and 6a,
and tension tests on the rectangular specimens, Figs. 5 and 6b.
The cylindrical soft sensors have a radius of approximately
10 mm and are 60 mm long (except the soaked specimen,
which is only 23 mm long). The rectangular soft sensors’
dimensions are ca. 10× 20× 100 mm. The next section covers
the results of these experiments.

B. Experimental results

The experimental setup for our tensile and compressive
loading tests, as shown in Fig 6, is as follows: a micro-
controller (Arduino Mega 2560) drives a stepper motor (1),
(Portescap, 26DBM10D2U-L) deforming the soft sensor (3),
(4), and also logs the resulting forces at an additional sensor

(a) soaked (b) coated (c) channel

Fig. 5: Different sensor fabrication techniques and rectangular
test specimens for tensile loading experiments.

Fig. 6: Experimental setup used for (a) compression loading
and (b) tensile loading experiments. The components used in
the setup are (1) stepper motor, (2) force sensor, (3) & (4) soft
sensors.

(2), (TE Connectivity Measurement Specialties FC2231-0000-
0010-L), as well as the resistance of the soft sensor using
a voltage divider circuit. The resulting data is sent to a PC
over the serial bus and recorded with the help of Gobetwino.
Figures 7 and 8 show the results of compressive tests on
the cylindrical soft sensors (Fig. 4) and tensile tests on
the rectangular soft sensors (Fig. 5), respectively. For both
compressive and tensile tests, we report force and resistance
values in 1 mm increments of deformation. We show multiple
loading and unloading cycles of each soft sensor specimen and
for each experiment in Figs. 7 and 8.

During the compression experiments, the test specimens
were deformed by up to 10 mm. In general, we observe a non-
linear transfer function from displacement to resistance and
also a lot of noise in the signal. The soaked cylinder (Fig. 7a)
shows the best signal-to-noise characteristics, indicating that
continuous mapping of compressive stress to sensor readout
might be possible. For the other two fabrication techniques
(Fig. 7b and c), the signal is more pronounced at peak strain
levels, making them suitable for detecting certain strain thresh-
olds only. During the tensile experiments, the test specimens
were deformed by up to 15 mm. Again, the transfer function
from displacement to resistance is non-linear, but shows a
much more continuous response compared to the compression
tests. The signal to noise ratio is also a lot better under tension,
especially for the channel fabrication technique (Fig. 8c). For
the soaked and surface coated soft sensors (Fig. 8a and b), we
observe significant signal attenuation in subsequent loading
cycles.
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Fig. 7: Compression loading results for soft sensors with (a)
soaked (b) surface painted and (c) embedded channels.

In summary, our soft sensors generally perform better for
tensile rather than for compressive strain. The unsatisfactory
behaviour under compression is likely due to buckling of
the surface. With respect to embedding these sensors into
larger soft robots, manufactured as a single piece of foam,
clearly surface coating and conductive channels can be added
a lot easier than soaking parts of the robot in conductive ink.
Creating soaked soft sensors has the additional drawbacks of
requiring more conductive ink and being a more laborious
process compared to the other two fabrication methods. Fur-
thermore, when making the whole volume conductive, many
deformations may result in the same overall resistance when
some parts of the body stretch while others compress; we
expect this effect to be even more pronounced for larger soft
sensors. Consequently, soaked soft sensors would be more
effective as small strain sensors for measuring localized defor-
mations. Our surface coating or channel fabrication techniques
yield more freedom with respect to how these sensors are
embedded in the soft robot body. Furthermore, in particular
our channel-type sensors show very promising characteristics
in tensile strain tests, including approximately linear response,
as well as low signal loss on subsequent cycles. Consequently,
we focus on our channel fabrication technique in the following
discussion on soft sensing and embedded sensors for soft
robots.

Actuating a soft robot via tendons typically leads to smooth
bending deformations. In terms of embedded sensing, we
therefore test such a tendon actuated bending structure first.
Our test specimen is a cylinder of 20 mm radius and 200 mm
height, with a tendon routed through five pins (Fig. 9b). We
embed a conductive channel on the side opposite of the tendon
as a deformation sensor (Fig. 9c). We then bend the cylinder by
manually pulling on the tendon. Due to possible local buckling
of the concavely deformed part of the surface, the deformation
of this bending cylinder cannot be easily calculated from
the distance the tendon is pulled. Consequently, we equip
the cylinder with four optical markers placed on top of the
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Fig. 8: Tensile loading results for soft sensors with (a) soaked
(b) surface painted and (c) embedded channels.

(a) (b) (c)

Fig. 9: Bending experiment with a cylindrical actuator em-
bedded with conductive type channel sensors (a) Optitrack
motion capture system (b) cylindrical actuator showing the
tendon routing and (c) embedded conductive channel on the
opposite side of the tendon.

conductive channel, and track these markers with a motion
capture system consisting of 10 OptiTrack Prime 13 cameras.
The resulting data allows us to measure the distances between
the markers and thus approximate the elongation of the surface
in the vicinity of the embedded sensor. In Fig. 10, we show
that the change in resistance values of the conductive channel
correlates very nicely with the approximated arc length on
the surface. Please also note that the sensor is able to capture
fast dynamics of the bending motion as demonstrated by the
stair-stepped shape of the input deformation during the second
and third deformation cycle (Fig. 10, t ≈ 8 ... 16 s). We re-
tested the same bending sensor after a period of ca. 8 months
to quantify the effect of ageing on the signal-to-noise ratio
(SNR). The SNR dropped only slightly from 10.92 dB to
9.60 dB, as shown in Fig. 11.

IV. APPLICATION DEMONSTRATORS

Having established these fabrication methods for both our
custom-shaped soft robots, as well as for our soft deformation
sensors in the previous sections, we now demonstrate how to
integrate these soft structure and sensor fabrication techniques
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Fig. 10: Results from the bending experiment.
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Fig. 11: Sensor ageing; left: original data from Fig. 10; right:
repeat of the experiment on the same sensor as in Fig. 9 ca.
8 months later.

in order to manufacture custom-shaped soft robots capable of
sensing their own deformation.

A. Soft robotic hand

Figure 12a shows a soft robotic hand with two servo
actuators, one for controlling the thumb and another for the
four fingers together. We measure the movements of the thumb
and the middle finger using a soft wearable device with two
channel-type sensors as shown in Fig. 12b. We then map
the measured motion to the soft robotic hand via a linear
transformation. Both master and slave device are fabricated
from the exact same mould. We perform dynamic movements
with the soft wearable device, which are then reproduced
by the slave soft robotic hand. The correlation between the
mapped actuation of the servos and the measured resistance is
shown in Fig. 13. The resistance measured via embedded soft
sensing in the wearable device shows the range of the user’s
dynamic movements we are able to capture (please also refer
to the accompanying video).

B. Soft robotic gripper

The soft robotic gripper (Fig. 1c), uses three tendons per
finger such that one tendon opens the grip, while the other

(a) (b)

Fig. 12: Actuated soft hand as slave device (a) and passive
soft wearable with embedded sensing as master device (b).
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Fig. 13: Thumb and middle finger movements as measured by
the embedded conductive channel-type soft sensor.
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Fig. 14: Soft glove (a), soft gripper (b) with embedded
channel-type sensors (1, 2, 3); full experimental master-slave
set-up (c).

two tighten the grip and adjust the position of the finger. Each
finger has three embedded channel-type sensors, as shown in
Fig. 14b. We use a new soft wearable glove with the same
geometry as in Fig. 12b for the foam part. This foam part
contains three channel-type sensors and is sewed onto the

190

200

210

220

230 Glove (Thumb)

600

800

1000

1200

1400Channel 1

190

200

210

220

230 Glove (Thumb)

180

200

220

240

260Channel 2

R
e
si

st
an

ce
 [

kO
h
m

]

0 5 10 15 20 25 30
190

200

210

220

230 Glove (Thumb)

600

700

800

900Channel 3

Time [s]

G
lo

ve
 (

T
h
u
m

b
)

C
h
a
n
n
e
ls

 1
,2

,3
R
e
si

st
an

ce
 [

kO
h
m

]

Fig. 15: Resistance values from the three channel-type sensors
embedded in the robotic gripper. The gripper is obstructed
from t ≈ 22 s to t ≈ 24 s, indicated by the vertical bars.
Please also refer to our accompanying video.
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fabric of a glove. We use this glove as the master device to
actuate our gripper. The thumb on the glove controls the longer
finger on the gripper. Figure 15 shows the sensor reading
from the glove’s thumb alongside the three readings from the
actuated finger (Fig. 14b & c). We move only the thumb in
this experiment, showing the relationship between the user’s
hand motion (mapped from the sensor on the glove) and the
measured deformation values from the sensors on the gripper.
We show six rapid thumb movements, followed by three
slower motion cycles. The movement of the gripper’s finger is
obstructed from t ≈ 22 s to t ≈ 24 s. Please note how sensor
readings from the gripper follow the sensor reading from the
glove when the actuated gripper is not obstructed, but deviate
substantially when the gripper cannot move freely. Please
refer to the accompanying video for a full tele-manipulation
demonstration, where user hand motion from all three fingers
controls the entire robotic gripper.

V. DISCUSSION, CONCLUSION AND FUTURE WORK

In this paper, we have explored various possibilities for
using expanding PU foam as a new soft material for building
custom-shaped, low-cost soft robots in detail. All the four as-
pects of soft robot functionality, namely fabrication, actuation,
transmission, and sensing, have been discussed. By fabricating
user-defined shapes, such as the soft gripper and the soft
puppy, we have demonstrated the versatility of the presented
methods and tools. Choosing tendon-driven actuation and
integrating user-defined routing points for transmission during
the fabrication process itself enables us to streamline the
fabrication process, which we hope will allow non-expert users
to design and deploy their own soft robots more effectively.
We also presented different soft sensor fabrication techniques,
allowing the user to fabricate different types of soft sensors
and to customize the soft sensor integration into the soft robot
structure according to functional requirements, in particular to
sense specific deformations. This kind of complete integration
of transmission, actuation, and sensing functionality into the
soft robot body will allow for much more interactive soft
robots that can respond to external stimuli. We believe that our
approach leads to a range of possible new routes for finding
and establishing an effective way of sensing in soft robots.

The soft robot structure fabrication techniques presented in
this paper are quite scalable as the soft robot body grows
in size. Nevertheless, at some point the moulds will need
to be split into several parts due to 3D printing restrictions,
and the foam pouring process becomes more challenging.
So far, our tools and methods were implemented manually,
however, some steps (such as the mould design) have great
potential for automation. In future work, we aim to build an
automated setup for generating printable mould pieces from
a given user-defined surface shape, which is not trivial for
organic shapes like the soft gripper and soft puppy presented
in this paper. Similarly, we might also allow for a more
interactive placement of tendon routing points or provide a
set of suggestions from which the user can choose a preferred
tendon layout for transmission. Numerical simulation tools,
such as finite element methods, can be used to describe the

micro and macroscopic deformation behaviour of foam-bodied
soft robots [31], [32]. We plan to use such simulations in future
work to inform and improve our soft robot design process.

Our soft sensors, especially channel-type sensors, can be
used for quantitative analysis, deformation, or pose estimation.
However, there are certain issues such as decreasing sensor
signals over cyclic loading scenarios, in particular with soaked
and surface-coated sensors, as well as time-dependent drift
of the signal due to the inherently viscoelastic nature of
the PU foam material. In future work, we aim to take this
viscoelasticity into account and compensate for these effects,
which would make the soaked or coated soft sensor readings
more robust. There is a slight effect on the signal-to-noise
due to ageing of the sensors when tested over an extended
time-span. However, there are a number of factors apart from
ageing that could also affect the SNR, such as the electrical
contact between the readout wires and the soft sensor. Over
time, the conductive ink might also become drier leading to
an increased baseline resistance of the sensor. As our sensor
fabrication method is simple, sensors can be “refreshed” quite
easily by adding more conductive ink later on. Currently, our
soft sensors are fabricated manually, leading to inconsistencies
in the depth of the cut, or the amount of the conductive ink
deposited. In future work, we aim to improve the precision
and build a special tool for "tattooing" channel-type sensors
into the foam in a more consistent way.
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