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Abstract— Thin, highly compliant sensing skins could provide
valuable information for a host of grasping and locomotion
tasks with minimal impact on the host system. We describe the
design, fabrication, and characterization of a novel soft multi-axis
force sensor made of highly deformable materials. The sensor is
capable of measuring normal and in-plane shear forces. This
soft sensor is composed of an elastomer (modulus: 69 kPa) with
embedded microchannels filled with a conductive liquid. Depending on the magnitude and the direction of an applied force, all
or part of the microchannels will be compressed, changing their
electrical resistance. The two designs presented in this paper
differ in their flexibility and channel configurations. The channel
dimensions are approximately 200 × 200 µm and 300 × 700 µm
for the two prototypes, respectively. The overall size of each
sensor is 50 × 60 × 7 mm. The first prototype demonstrated
force sensitivities along the two principal in-plane axes of 37.0 and
−28.6 mV/N. The second prototype demonstrated the capability
to detecting and differentiating normal and in-plane forces. In
addition, this paper presents the results of a parameter study for
different design configurations.
Index Terms— Soft sensors, force sensors, tactile sensors, liquid
metal, eutectic gallium indium (eGaIn).

I. I NTRODUCTION

T

HE DEVELOPMENT of soft sensors is a key challenge for wearable electronics [1], soft robots [2]–[4],
humanoid robots [5], medical robots [6], [7], dexterous robot
manipulators [8], [9], haptic interfaces [10] and countless other
applications that require sensors that do not impede the motion
of the host. In addition to being soft (modulus<1MPa), such
sensors must be durable, impact resistant, remain electronically functional when stretched and composed of relatively
low-cost raw materials [11]. If these goals are achieved, soft
sensors could be worn by humans or existing robot platforms,
making devices and robots more human-friendly and humansafe while also expanding the application areas of soft robots.
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One example of such soft sensors is an artificial skin made
of an elastomer with embedded microchannels filled with a
conductive liquid [12]. When pressure is applied, the crosssectional areas of the microchannels are reduced, increasing
their electrical resistance. When the skin is stretched, the
electrical resistance also increases due to the increased channel
length and decreased cross-sectional area. Using these principles, properties such as multi-axial strain [12], normal surface
pressure [13], [14], and bending curvature [15], [16] can be
measured using only soft or liquid-phase materials. However,
these sensors are not capable of detecting in-plane (i.e. shear)
forces applied to the surface of the sensor. Shear is particularly
important for locomotion (e.g. traction) and manipulation (e.g.
sensing grasp failure) and also for wearable devices where the
loads applied to human skin are critical for comfort. In this
work, the same principle of liquid embedded elastomers is
employed to extend the capability of soft sensors to detect
in-plane forces.
Rigid and flexible microelectromechanical systems (MEMS)
based force and shear sensors [17], [18] have been
previously reported for applications such as fluid flow
measurement [19] and above-knee prosthesis [20]. Various
polymer-based flexible tactile sensors that can detect normal
and shear forces simultaneously have also been proposed using
different approaches. Jiang et al. have developed a shear stress
sensing array by forming silicon islands using a reactive-ion
etching (RIE) technique [18]. Hwang et al. and Kwon et al.
have employed a protruded force element on a strain gauge
patterned flexible membrane [21], [22]. Chuang et al. have
designed a rigid force element on a polyvinylidene fluoride
(PVDF) film encapsulated by a polydimethylsiloxane (PDMS)
layer [23]. Instead of strain gauges or piezoresistive elements,
Lee et al. have embedded multiple capacitors in PDMS to
detect shear forces [24]. Optical sensing is another method
to detect small forces accurately, such as optoelectronic components embedded within shear sensors [25]. However, these
sensors are not highly deformable due to their rigid electrodes
and wire connections.
In this paper, we extend the sensor presented in [26] with
a second prototype, study the effect of temperature variation
and stretching sensitivity, and examine some design variables
that define the soft sensor. This sensor leverages the novelty of
using and liquid-phase materials as shown in [12], [13], [15],
[16] to measure multi-axis forces, while remaining flexible
and stretchable. The sensor is composed of three main compo-
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Fig. 2. (a) Description of the different layers of the sensor. (b) Deformation
due to a pressure. (c) Deformation due to an in-plane force at the senor surface.

Fig. 1.
Soft multi-axis force sensors showing their form factors and
deformability. (a) Prototype I with a completely soft base structure. The sensor
is both stretchable and flexible. (b) Prototype II with a flex-circuit backing.
The sensor is not stretchable but flexible.

nents: a highly deformable base elastomer material, conductive
microfluidic channels, and a force transmission element.
The paper is organized as follows. Sections II and III
describe the design, fabrication, and characterization of two
soft sensor prototypes. Sections IV and V discuss experimental
results from parameter studies and external variable changes,
respectively. We conclude with a discussion of future work.
Beyond proprioception for robotic manipulation and locomotion, there are a host of other potential applications for soft
shear sensors including smart tires for preventing slippage and
new human-machine interfaces.
II. P ROTOTYPE I
A. Design
The first sensor prototype, shown in Fig. 1, was developed
to measure three forces (one normal and two in-plane forces)
applied to its top surface. This sensor contains embedded
microchannels filled with a liquid metal1 and a rigid plastic
force-post. The force-post is prototyped using a 3D printer2
before being embedded in a silicone rubber substrate3 (modulus: 69 kPa, Shore hardness: 00-30).
The sensor is composed of two elastomer layers, as shown in
Fig. 2(a). The top layer contains the force-post and the bottom
layer contains the eGaIn microchannels (200 μm × 200 μm,
rectangular cross-section) patterned with rotational symmetry,
as shown in in Fig. 3. Since we desire three-axis force sensing,
we need a minimum of three sensing elements. By arranging
three sensing elements in a star pattern, we can decipher
in-plane forces in two axes and a normal force. The three
1 Eutectic Gallium Indium (eGaIn), Sigma-Aldrich, St. Louis, MO, USA.
2 Connex 500, Objet Geometries, Billerica, MA 01821, USA.
3 EcoFlex0030, Smooth-On Inc., Easton, PA 18042, USA.

Fig. 3. Microchannel configurations. (a) Three U-shaped microchannels with
120◦ intervals detect forces in three directions. (b) Three microchannels with
increased spatial resolution (current design for Prototype I).

channels are separated by 120◦ and intersect under the forcepost. For the sake of wiring, the channels extend out to
the perimeter of the sensor. Although the minimum number
of sensing elements is three, the addition of more channels
can increase the sensor accuracy at the expense of spatial
complexity.
Fig. 3(a) shows a simplified representation of the starshaped microchannel pattern along with the final configuration.
The design is compatible with our fabrication process where
eGaIn is injected into the channels; the geometry in Fig. 3(b)
combines the three sensing elements into one channel, thus
facilitating filling.
In addition, although our channel design, shown in Fig. 3(b),
is electrically equivalent to the simplified configuration in
Fig. 3(a), the microchannles in our design pass underneath
the force-post several times, thereby increasing the overall
sensitivity. The microchannels can be divided into three major
channels, with each channel having eight sub channels, for a
total of 24 channels under the force-post.
When a normal force is applied on the surface, the forcepost uniformly compresses all channels, resulting in increased
electrical resistance in the three channels, as shown in
Fig. 2(b). With an in-plane force, the force-post will rotate and
press only one or two of the three microchannels depending on
the configuration of the channels, which also causes increased
resistance of the deformed channels, as shown in Fig. 2(c).
By monitoring the resistance changes of the three sensor
signals, we can determine the direction and magnitude of the
force.
B. Fabrication
The fabrication steps for the sensor prototype are represented in Fig. 4. First, the microchannels are created by
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Fig. 5. (a) Photo of the 3D printed mold used for fabricating the microchannel
elastomer structure. (b) Photo of the microchannel embedded elastomer sheet
after injecting eGaIn.

Fig. 4. Fabrication process. (a) Pour liquid elastomer in the molds. (b) Spin
coat a thin layer of EcoFlex on the flat surface. (c) Bond the two layers.
(d) Inject eGaIn using two syringes. (e) Insert wires. (f) Place the force-post
and pour EcoFlex. (g) Finished multi-axis force sensor.

pouring liquid elastomer in two 3D printed molds, shown in
Fig. 4(a): one for casting a microchannel patterned top layer
and the other for a flat bottom layer. Once cured, these two layers are bonded together by spin coating a thin layer of uncured
elastomer, as shown in Fig. 4(b) and (c). The microchannels
are then filled with eGaIn in the two middle reservoirs using
two syringes (Fig. 4(d)). While one of the syringes injects
eGaIn, the other evacuates the air captured in the channel
during layer bonding process. Electrical connections are then
made using thin wires inserted in each reservoir following the
same path as the needle holes. This ensures that the wires
are well anchored in the soft sensor (Fig. 4(e)). The forcepost is then placed (Fig. 4(f)) and Ecoflex is cast as an upper
layer until the force-post is completely covered (Fig. 4(g)). The
actual mold used for fabrication and the complete elstomer
layer with an embedded eGaIn microchannel are shown in
Fig. 5.
C. Experimental Setup
By applying a constant current source in series with all
three channels, changes in resistance from applied pressures
can be read as voltage changes. In order to characterize the
sensitivity of the sensors, we describe the experimental setup
that enables us to apply a known load and read the resulting
voltage change.
1) Test Bench Integrated With a Multi-Axis Force Sensor:
To characterize the sensor, we first need to apply a known

Fig. 6. (a) Translation stage mounted with a force sensor. (b) Schematic
of the electronic circuit with S1, S2, and S3 corresponding to the variable
resistances of the soft multi-axis force sensor.

load. This can be achieved by mounting a 6-axis force and
torque sensor to a 3-axis translation stage. Fig. 6(a) shows
the motorized translation stage4 chosen for this purpose. This
translation stage has a travel range of 13 mm and a load
capacity of 44.1 N.
A custom-made interface connects the commercial multiaxis force sensor5 to the 3-axis translation stage. The force
sensor is then connected to a USB data acquisition card6 on
a PC, and the data can be processed in Matlab® .
2) Signal Conditioning Circuit: In order to evaluate the
force response, a signal conditioning circuit, shown in
Fig. 6(b), was prepared. The circuit provides constant current through the three sensing elements that are electrically
equivalent to three variable resistances connected in series. In
this circuit, the voltage change across each sensing element is
amplified (46×) using an operational amplifier. The amplified
voltages are then read by a USB data acquisition tool.
D. Sensor Characterization
To characterize the soft sensor, forces are applied in the x,
y, and z directions, as defined in Fig. 6, using the translation
4 MT3/M-Z8, Thorlab, Newton, New Jersey, USA.
5 F/T Nano 17, ATI Industrial Automation, Apex, NC 27539 USA.
6 NI USB-6210, National Instruments, Austin, TX 78759, USA.
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Force characterization results of Prototype I. (a) z-axis normal force response. (b) x-axis shear force responses. (c) y-axis shear force response.

stage. The commercial multi-axis force sensor measures the
applied forces and the sensor signal was measured as described
in Section II-C.1. During the tests, the force sensor was in
direct contact with the top surface of the soft sensor. To prevent
the two surfaces from slipping while applying in-plane forces,
a thin layer of sandpaper was firmly attached to the surface
of the commercial sensor.
A Matlab® graphical user interface (GUI) was prepared to
easily record the reference force values and the sensor signals.
This GUI allowed us to see real-time force responses. In our
experiments, the sensor signal was sampled at 100 Hz, and
each recorded data point was the average of the most recent 50
samples. Two tests were conducted for normal force response
in the z-axis and lateral force responses in x- and y-axes,
respectively. Note that this is only a static characterization of
the sensor.
To estimate the normal or the shear forces from the sensor’s
resistance change, the method in [12] can be used by approximating the sensor response as linear and generating a 3×3
calibration matrix using the least mean square method.
1) Normal Force Response: When applying a normal force,
the force-post compresses all three microchannels evenly,
and the resistances of the three microchannels exponentially
increased, as discussed in [13]. In this experiment, we gradually increased the force in the z-axis from 0 N to 6 N, and then
gradually released the force back to zero to evaluate hysteresis.
The result of this experiment is shown in Fig. 7(a).
2) In-Plane Force Response: To measure in-plane forces,
a pre-load normal to the sensor’s surface is required in
order to avoid slippage between the two surfaces. An initial
vertical force of 2 N was applied and regulated throughout
the experiment. We then translated the force sensor along
either the x- or y- axes and measured the applied force and
sensor signal changes. Fig. 7(b) and (c) show the test results.
The sensor prototype was loaded in the positive direction
first starting from zero, unloaded back to zero, loaded in the

negative direction passing the zero point and finally unloaded
back to zero again, making a complete loop. The results
displays more linear response to in-plain forces relative to
normal forces. There was negligible hysteresis in any of
trials.
3) Failure Test With Large Strain: In addition to force
characterization, a strain test was conducted to check the
failure point of the sensor. When the sensor is stretched,
the microchannels elongates and their cross-sections are
decreased, resulting in increased electrical resistance. However, the sensor still remains functional until one of the
microchannels is broken or the electrode looses contact. To
check the maximum strain the sensor can tolerate while the
sensor was still functional, a strain test was conducted using
a commercial materials tester7 , as shown in Fig. 8(a), and
the resistance change of one of the three microchannels was
recorded. The sensor was able to tolerate up to approximately
180% strain, as shown in Fig. 8(b).
E. Results and Discussion
The experiments described in Sections II-D.1 and II-D.2
fully characterize the static force response of the sensor.
As shown in Fig. 7, there is little hysteresis in the sensor
signals. This small hysteresis may be due to the constraints
applied by our experimental setup. The experiments described
in Section II-D are based on position change of the commercial
force sensor in contact with the soft force sensor. Therefore,
it is not surprising that we do not see significant hysteresis in
the sensor signals. If the surface of the sensor was free, we
would expect to see some hysteresis due to the viscoelastic
nature of the elastomer materials. However, given the scope of
applications we envision - where objects are in constant direct
contact with the sensor - we believe that the characterization
in Section II-D is most appropriate.
7 Instron 5544A, Instron, Norwood, MA 02062, USA.
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Fig. 8. (a) Strain test setup. (b) Channel resistance as the sensor is strained
to failure.

As shown in Fig. 7(a), the normal force response is nonlinear. This is expected due to the nonlinear reduction rate
of the cross-sectional area of the microchannel [13]. This
nonlinearity can be alleviated by changing the cross-sectional
geometry of the microchannel as shown in [14]. It is important
to also notice that the three sensor responses are not exactly
the same. This may be due to slight differences in the channel
geometries and in the wire connections. In addition, the current
design makes the length of the S2 channel slightly longer than
the other two, resulting in a higher nominal resistance.
As can be seen in Fig. 7(b) and (c), the in-plane responses
show strong directional sensitivity. For example, positive force
along the x-axis is detected by an increase in S2 and a
simultaneous decrease in S1 and S3. The offset between S1
and S3 is likely due to the difference in the response to the
initial pressure. When applying force along the y-axis, S1 and
S3 change symmetrically as expected. S2 stays at its initial
level as the applied force is perpendicular to its sensitivity axis.
Using a linear fit, we can estimate the in-plane force
sensitivity of 37.0 mV/N for the x-axis and −28.6 mV/N
for the y-axis (with S1). Due to its nonlinear response, the
sensitivity to normal force, when measured with S2, varies
from approximately 27.8 mV/N for forces bellow 3.4 N and
572.7 mV/N for pressures over 4.1 N.
The strain to failure test (Fig. 8) shows how the resistance of
the microchannel changes with increased strain. The resistance
consistently increased with strain increase. However, there was
an abrupt resistant increase at 180% strain, which indicated
failure of the sensor. Although the sensor remains electrically
conductive beyond 180% strain, it is no longer functional as
designed.
III. P ROTOTYPE II
Some applications require mechanical flexibility of the
sensor but not necessarily stretchability, e.g. when fixed on
a flat contact surface of a gripper. In this case, the sensor
design can be modified to be more robust by replacing eGaIn
microchannel wiring with a copper flex-circuit, as shown in
Fig. 9. In this design, eGaIn microchannels are used only as
the sensing element and not as wires.

Fig. 9. Photos of Prototype II. (a) Complete prototype showing embedded
force post and flex-circuit. (b) Top side of the sensor before adding the
elastomer layer. (c) Bottom side of the sensor showing copper traces.

Fig. 10. (a) Detail of the microchannels aligned on copper traces. (b) Fourcomponent microchannel design used for this sensor.

One of the advantages of this design is that the flexible
copper wiring reduces the chance of false sensor signals that
can be caused by unintended mechanical stimuli to the wiring
area. Also, this flex-circuit design allows us to directly embed
electronics in the sensor. Since the electrical connections are
made between eGaIn microchannels and copper traces on the
flex circuit, the length of the microchannels was kept as short
as possible.
A. Fabrication
Compared to the fabrication method described in II-B,
some modifications were made in order to bond the elastomer
layer to the flex circuit. The flex-circuit8 is prepared using a
Kapton® backed copper foil. After spin-coating photoresist9
on the copper foil, the copper traces are patterned by rastermachining the coated photoresist using a diode-pumped solid
state (DPSS) laser and etching with ferric chloride.
Once the copper traces are patterned, tape patches are placed
where the electrical conduction between the eGaIn and the
copper is necessary (Fig. 10 (b)). This protects the conductive
interface areas between eGaIn and copper when a thin layer
of silicone adhesive10 is spin-coated. Due to its high viscosity,
8 Pyralux 18μm copper, 25μm polyimide (Kapton® ).
9 Shipley SP 24D.
10 Elastosil RTV Sealant E 951, Wacker Chemical, Adrian, MI 49221, USA.
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Fig. 13.

Primary parameters defining the soft sensors.

B. Characterization and Results
While the previous design has three separate microchannels, the minimum for detecting three forces, this sensor has
four microchannels for information redundancy, as shown in
Fig. 10. Thus, we have four sensor signals in the experimental
result. In this experiment, a normal force of 1.2 N is applied
first at a rate of 0.05 mm/s, and then a force of 0.2 N is applied
in four in-plane directions (+x, –x, +y, and –y) at a rate of
0.3 mm/s.
Fig. 11 shows the experimental result. The four signals from
the soft sensor are consistent with those of the commercial
force sensor. Fig. 12 shows snap shots of a real-time monitoring system for multi-axis force sensing.
Fig. 11. Characterization results (sampling at 100 Hz). (a) Applied force
measured by the commercial multi-axis force sensor. (b) Soft sensor signals.

IV. PARAMETER S TUDY FOR S ENSOR D ESIGN
In order to better understand the effect of different mechanical parameters on sensor performance, a set of experiments
was conducted. Although there may be many parameters
that can be controlled, three important parameters related to
sensitivity were selected for this study: the width (w) of the
microchannels, the diameter (d) and the height (h) of the forceposts (Fig. 13). Other parameters were kept constant. The
sensitivity was defined by the slope of the linear approximation
of the sensor signal under shear loads.

A. Microchannel Width

Fig. 12. Snap shots from a real-time visualization system. (a) No stimulus.
(b) z-axis normal force. (c) +x-axis shear force. (d) –x-axis shear force.
(e) +y-axis shear force. (f) –y-axis shear force.

the spin coating speed is higher (3500 rpm, 50 sec.) than
in the process described in II-B. The tape patches are then
removed, and the elastomer layer with microchannels(300 μm
× 700 μm) is aligned and placed on the flex-circuit. After
the adhesive cures, eGaIn is injected in the microchannels,
wires are soldered on the copper traces, and the force-post is
embedded in the same way as described in II-B.

To evaluate the effect of microchannel width, a test sample
was prepared, as shown in Fig. 14(a), that contains four
microchannels with different widths (w = 300, 400, 500, and
600 μm). Four identical force-posts were embedded above the
microchannels. The diameter (d) and height (h) of the forceposts were fixed at 6 mm and 3.5 mm, respectively. The sample
was tested for unidirectional in-plane force with a pre-loaded
normal force.
The experimental results in Fig. 15(a) show that increased
channel width yields increased sensitivity. This is due to the
reduced aspect ratio of the microchannel which requires less
force for the channel to be deformed. However, if the channel
width exceeds a certain level, we presume that the sensitivity
decreases because the microchannel requires a relatively large
pressure area to be compressed while the diameter of the forcepost is fixed, which requires more rotation of the force-post.
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Fig. 14. Parameter study test samples. (a) Multiple microchannel widths.
(b) Multiple force-post diameters.

B. Force-Post Diameter
In this experiment, with the microchannel width and forcepost height fixed (w = 200 μm and h = 3.5 mm), four
different of the force-post diameters (φ = 4, 6, 8 and 10 mm)
were tested, as shown Fig. 14(b).
The experimental result is shown in Fig. 15(b). The result
shows that an increase in force-post diameter significantly
decreases the sensitivity since an increase in diameter requires
larger forces to rotate the force-post. Furthermore, larger forceposts do not engage a larger channel area.
C. Force-Post Height
Four different heights (h = 0.5, 1.5, 2.5 and 3.5 mm) of
the force post were also tested. In this test, the microchannel
width and the force-post diameter were fixed at 500 μm and
6 mm, respectively.
The experimental result is shown in Fig. 15(c). In the high
range of height, such as 2.5 mm or 3.5 mm, a higher forcepost results in greater sensitivity, since a longer force-post
requires less force to create the same moment. However, for
lower heights, the sensitivity is greater with lower height.
In this case, we suppose that the force-post is squeezed down
with shear force rather than being rotated. Thus, the thinner
layer above the microchannel with a lower force-post increases
sensitivity. However, without allowing a rotational degree of
freedom, it is not possible to detect shear forces in different
directions as intended.
Fig. 16 compares the results from the parameter study.
The sensitivities were determined from the linear fits of the
experimental results, and they were compared in the three sets
of experiments.
The parameter studies allow us to elucidate sensor design
rules as described above. We do not prescribe specific values
values for the sensor - these should be tailored to the desired
application. However, the parameter studies do hint at optimal
configurations warranting more detailed future studies.

Fig. 15. Parameter study experimental results: (a) channel width, (b) forcepost diameter, and (c) force-post height. (circle: mean value of three tests,
colored band: standard deviation, solid line: linear fit of all three tests.)

V. E XTERNAL VARIABLE T EST
In addition to the design parameters, the sensor prototype
was also tested under different external variables. This section
provides the experimental results of the sensitivity changes
with different temperatures and pre-strains.
A. Temperature Sensitivity
The sensitivity of the sensor in response to temperature
variation is important for the envisioned applications. We
placed one of the single channel test samples (d = 6mm,
h = 3.5mm and w = 300μm in Fig. 14(a)) on a hot plate
(Fig. 17(a)) and applied a normal force using the same material
tester as in II-D.3. The temperature is increased from ambient
to 70C and a normal pressure test is done after allowing the
temperature to stabilize for a period of ten minutes.
The result (Fig. 17(b)), showed that there is no significant
variation in the sensor sensitivity with temperature changes.
The changes of the nominal resistance at rest with the three
temperatures were also negligible.
B. Pre-strain Sensitivity
The sensor remains electronically functional when stretched,
but it is important to understand how the sensitivity is affected

VOGT et al.: DESIGN AND CHARACTERIZATION OF A SOFT MULTI-AXIS FORCE SENSOR

4063

Fig. 17. Temperature test. (a) Experimental setup. (b) Sensor response for
different temperatures.

Fig. 16. Sensitivity as a function of (a) channel width, (b) force-post diameter,
and (c) force-post height.

by strain. In order to do so, an experiment has been conducted
using a simplified version of the sensor used in Section IV
(d = 6mm, h = 3.5mm and w = 300μm). This sensor is fixed
to the same material tester (Fig. 18(a)) used in Section II-D.3,
and a normal pressure test is done while holding the sensor
in several configurations (0, 16.7, 41.7 and 83.3 % strain).
The result (Fig. 18(b)) shows increased nominal resistance
offset with increased pre-strains. This increase resulted in the
decrease of the minimum detectable force. However, there was
no significant changes in the sensitivity (slope). Although not
shown in this test, pressure responses usually show relatively
high hysteresis in addition to nonlinearity, as reported in [12],
[14]. However, the hysteresis and nonlinearity could be significantly reduced by changing the cross-sectional geometries
of microchannels, as shown in [14], [27].

Fig. 18.
Strain test. (a) Experimental setup. (b) Sensor response under
different pre-strains.

pressure or strain on eGaIn wiring affects the sensor signals.
This potential limitation was solved in the second prototype
using an embedded flex-circuit as the substrate.
The modification of some of the parameters has also been
studied. It gives a better understanding of the behavior of the
sensor and provides a guideline for designing soft sensors for
a specific application. Moreover, further miniaturization of the
force post and the microchannel dimensions would allow an
array of micro channels to localize shear forces along the
sensor’s surface.
Consider an example application where such sensors are
fitted to a robotic hand to test grasping with closed-loop force
control. The idea is to lift an object using minimal normal
force. We speculate that, with the in-plane force information,
the robot will be able to determine the quality of a static grasp
and also detect slippage and grasp failure.

VI. C ONCLUSION
This study describes the design, fabrication, and characterization of two different prototypes of a novel soft multi-axis
force sensor. These sensors can not only detect the normal
force applied to the top surface but also measure the direction
and magnitude of in-plane (i.e. shear) forces.
Each of these prototypes offers advantages and disadvantages depending on the application they are intended for. While
the first prototype is both flexible and stretchable, undesired
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