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Abstract— Objective: A soft and stretchable inductive sensor is
presented with the ability to wirelessly transmit large strain mea-
surements without the need for directly connected circuitry. Meth-
ods: The sensor is fabricated using a scaffold-removal technique
to create microfluidic channels within an elastomer sheet (0.07
MPa modulus), which are injected with a non-toxic liquid metal
alloy electrode. An analytical model is derived to predict the static
inductance of the sensor while being uniaxially stretched and ex-
perimental characterisation of the sensor’s dynamic response to
axial and biaxial deformation is conducted, as well as wireless
measurements within ex-vivo porcine tissue. Results: Experimental
validation showed that the sensor’s inductance change is linear
with uniaxial and biaxial strains up to twice its original length. Strain-rate dependent hysteresis was negligible during
slow deformation (<5 s−1) and below 10% during more rapid changes in length (15 s−1). For wireless strain sensing,
the variation of inductance in the sensor induced an increase in the transmitting voltage from 3.1 V to 5.7 V for strains
up to 83%. While implanted within different layers of porcine tissue, the transmitter voltage linearly increased by 750
mV on average under bending deformation. Conclusion: Large stretching (83%) and bending (8 m−1) deformations in
the inherently soft sensor can be wirelessly captured, including through biological tissue. Significance: The wireless
sensor’s simplified structure, where the antenna and sensor are integrated into a single soft spiral electrode with modulus
comparable to biological tissue, means that this novel design shows significant potential for implantable and wearable
biomedical devices to monitor dynamic deformation.

Index Terms— inductive sensor, soft robotics, strain sensor, wireless sensor, wireless energy transfer

I. INTRODUCTION

SOFT and deformable devices with the ability to sense
have emerged as an important new class of system where

compliance is exploited to safely and intelligently interact
with humans and complex, unpredictable environments [1],
[2]. These transducers can be exploited within a variety of ap-
plications ranging from integrated robotic systems to wearable
sensing devices and continuous physiology monitoring [3].
The use of soft materials allows many biological principles
to be emulated and for the morphology of the robot itself
to embody intelligence [4], [5]. Unlike conventional sensors,
which are hard and inextensible, soft and compliant sensors
are capable of being mechanically compatible with curvilinear
surfaces, dynamic motion systems and biological tissues [6].
These sensors can be used to monitor force [7], pressure [8],
strain [9] and other variables, providing new opportunities for
integration into mechanical or biological systems. However,
for most sensors, the requirement of a wired power source has
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imposed challenges and limitations towards novel miniature
devices or untethered soft robots since the batteries are stiff,
heavy and bulky and periodically require replacement or
charging [10].

Advances in wireless energy transfer technologies have rev-
olutionised various research fields, including mobile phones,
electric vehicles, home appliances, sensory networks, un-
manned aircraft and, especially, implantable medical devices
[11], [12]. In the absence of wires and cords, such implants can
be deployed to unreachable locations and function inside the
body for diagnosis, monitoring or treatments and are charged
by external elements when necessary. In the past few years,
to avoid the use of percutaneous or transdermal wiring for
implantable biomedical devices, a multitude of approaches
for wireless transfer have been proposed [12] and applied
to various implants such as cochlear [13], retinal [14] and
cortical [15] devices. Generally, the power source of wireless
sensors can be either self-powered or an external unit. For
self-powered systems, energy is harvested from mechanical
strain to electrical charges by exploiting piezoelectric materials
or from inbuilt batteries and then communicated through an
antenna coil [3]. For an external source, the receiver can be
driven by ultrasonic wave or lasers and then the data is trans-
mitted through wireless circuitry such as Bluetooth, Wi-Fi and
cellular [16]. However, among those various wireless energy
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harvesting techniques, the electrodynamic powering approach
has been a potential candidate for implantable medical devices
due to its high power transmission, suitability of short and
mid-range distances, non radiation and reliability [11].

Flexible strain sensors can be divided into two categories:
resistance-type and capacitance-type. Resistance-type sensors
generally consist of flexible films or fluidic traces, which
are electrically conductive, and embedded within a compliant
substrate to consolidate the structure [17]–[19]. Although these
sensors have intrinsically high sensitivity and stretchability,
hysteresis and nonlinearity impedes reversible sensing and the
robustness of the system decreases under dynamic loading
[20]. For soft capacitive sensors, a thin dielectric layer is
sandwiched between two compliant electrodes [21], [22]. The
external compressing force decreases the distance between
conductive sheets which affects the capacitance. This kind of
sensor possesses significantly reduced hysteresis than resistive-
type sensors but their sensitivity will often experience lag [20].

Current strain gauge sensors require a separate antenna coil
to be connected in series for wireless communication. In this
paper, a soft induction-based strain sensor is presented where
the mechanoreceptive sensory element itself also serves as a
receiver to wirelessly communicate with an external unit. In
section II, the spiral electrode of the inductor is described
with its composition of eutectic alloys patterned in the flexible
substrate. It is shown how this design allows the entire
configuration to be structurally deformable and stretchable. To
demonstrate the correlation between mechanical deformation
and electrical and magnetic properties of the sensor, the unit
is stretched axially and biaxially and these measurements are
presented and analysed in section III. Finally, experiments
with an integrated near-field coupling system are conducted to
illustrate the ability to wirelessly transfer the state of stretching
and bending deformation of the sensor and hence demonstrate
its future potential for wearable devices or medical implants
as illustrated in the figure in the abstract.

II. SENSOR DESIGN AND FABRICATION

The design concept is a soft and compliant inductive
coil that serves as a strain sensor which can be monitored
wirelessly. In order to achieve mechanical stiffness and hard-
ness comparable to biological tissues, soft silicone elastomers
and conductive liquids are utilised instead of conventional
electronic electrodes and substrates. There are numerous
approaches to achieve intricately conductive microstructure
embedded in elastomers such as printing, masked deposition
and patterning, but injection filling is the most widespread
method especially for moderate complexity of the circuitry
under limited cost [23]. For example, three different kinds
of planar designs have been patterned in silicone elastomer
to create capacitors and inductors using a two-part moulding
process by Fassler and Majidi [24].

In this paper, another low-cost and simple method without
spin coating is presented to fabricate the soft inductive sensor.
As illustrated in Fig. 1, to generate microfluidic channels in
silicone, scaffold-removal method is utilised which is based on
the different dissolvability of the core in solvent relative to the

silicone surround [25]. By fused deposition modelling (FDM)
process, the spiral coil is printed through a 400 µm nozzle
with acrylonitrile butadiene styrene (ABS). The scaffold is
embedded in elastomer (Ecoflex 00-30TM , Smooth-On) and
cured at room temperature for 4 hours or 40◦C oven for 1
hour. After demoulding, the polymer is immersed in acetone
for 12 hours to liquefy the traces. Ecoflex 00-30 is selected
for its relatively low modulus (0.07 MPa) and high extension
limits (900%) [26]. After squeezing the the material out, a final
rinse with acetone is required to eliminate the ABS residue and
create a continuous microfluidic channel. When an elastomer
with microfluidic channels is completed, both ends of the
channel are attached to thin copper electrodes and then injected
with low melting point eutectic compositions, generating a
continuously conductive pathway. Finally, the channels are
sealed by silicone adhesive (Sil-PoxyTM , Smooth-On). For
the prototype developed and characterized in this paper, the
outer side length of the planar spiral inductor is 30mm with 1
mm line width and spacing spiralling inwardly for 6 turns. The
channel width is limited by the capability of the 3D printer, but
it has been shown that channel dimensions less than 500 µm
are possible [25]. Galinstan is utilised as the low melting point
alloy, which is composed of 68.5% Gallium, 21.5% Indium
and 10% Tin. Galinstan is selected due to its non-toxicity,
high deformability and advantageous electrical conductivity
[27], making the pads fully deformable and stretchable at room
temperature as shown in Fig. 2(a).

Pour another 
layer of elastomer

Mould Silicone ABS

Place ABS spiral on top 
of the cured elsatomer

Pour a thin layer 
of elastomer

Immerse Inject

Liquid Alloyin Solvent

Liquid Alloy

Fig. 1. The fabrication process including scaffold-removal technique
and liquid metal injection

(a) (b)

(d)(c)

1 cm

1 cm

Fig. 2. (a) The sensor itself is compliant and flexible. (b) 0% strain
(orginal state) (c) 100% strain in biaxial test (d) 100% in uniaxial test
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III. CHARACTERISATION

First, a theoretical model is developed to model the in-
ductance as the inductor is strained. To characterise the
dynamic change of the electrical and magnetic properties,
two experimental methods of stretching (uniaxial and biaxial)
are conducted as shown in Fig. 2(b) to (d). To indicate the
capability of being a wireless sensor, another identical unit,
which is considered as a transmitter, is placed above the sensor
and the measurements of both stretching and bending actuation
from the transmitting side are presented. Last, the separation
in both axial and radial direction is studied.

A. Features of Inductance

The geometry of the square spiral electrode can be described
by the turn width, the space between turns, the number
of turns, and the outer side length. Due to the primary
dependency of geometry, several approximating theoretical
inductanace expressions have been proposed such as modified
Wheeler equation [28] [29] and current sheet approximation
[30]. However, the proposed equations neglect the turn thick-
ness, and are unable to predict the variation of the inductance
change since the spiral cannot persistently maintain planar
when deforming. Although spiral inductance with different
shapes such as rectangular, octagonal and circular can be
obtained by multiplying a shape factor with the square spiral
inductance [31], it is on the premise of neglected turn thickness
and unchanged turn width, turn spacing and turn number.
Due to the flexibility of the sensor, the width, spacing and
thickness of the each trace comply to the deformation of the
silicone and are variable. Considering an uniaxial load applied
to the sensor as shown in Fig. 2(c), the width of the traces
which are vertical to the stretching direction increase while
those which are parallel to the stretching direction decrease.
In order to obtain the analytical expression for the inductance
of the rectangular spiral loop which has different widths
along four sides, a partial inductance approach is utilised
here, which allows the overall loop to be decomposed into
multiple segments. The total inductance is contributed by self-
inductance of each single segment and mutual inductance of
each parallel segment pair as shown in (1), where Li is the
self-inductance of segment i and Mi,j is the mutual inductance
between segments i and j. The mutual inductance is positive
when the current flowing through two parallel conductors is
in the same direction and vice versa.

Ltot =
∑

Li +
∑

Mi,j (1)

As shown in Fig. 3, the electrode of the sensor can be con-
sidered as the combination of several horizontal and vertical
bars with rectangular cross sections. While deforming, it is as-
sumed that all the traces only extend along the stretching axis,
in other words, the horizontal traces increase in length while
vertical ones increase in width. The turn thickness can then
be determined under the assumption of incompressibility since
the liquid metal is a controlled volume. The self-inductance
of a straight rectangular bar and the mutual inductance of
two parallel identical bars can be obtained by (2) and (3),

where l, w and t are the length, width and the thickness
of the conductor, respectively, and d is the distance between
two parallel and equal-length conductors [32]. The unit of the
equations are nH and dimensions are cm.

L(l, w, t) = 2l

[
ln

(
2l

w + t
+

1

2
+

0.2235(w + t)

l

)]
(2)

M(l, d) = 2l

[
ln

(
2l

d
− 1 +

d

l

)]
(3)

l1

l2

w1

w2

s1

s2

i

jp q
d

Fig. 3. The geometry of planar spiral inductance calculation.

For a planar spiral, the length of the parallel pairs are not
identical. Considering two conductors of lengths i and j (i >
j) and separated by distance d as schematically presented in
Fig. 3, the mutual inductance between two segments, Mi,j ,
is presented in (4), where individual M can be obtained by
(3) [33]. According to the reciprocity theorem, the magnetic
flux generated by segment i due to the current in segment j
is equivalent to the magnetic flux generated by segment j due
to the current in segment i, resulting Mi,j = Mj,i since the
current magnitude is identical in all segments.

2Mi,j =


for p and q 6= 0 :
M(j + p, d) +M(j + q, d)−M(p, d)−M(q, d)

for p = 0 :
M(j, d) +M(j + q, d)−M(q, d)

(4)
The calculations are based on the assumption of an uni-

form distribution of current through the cross section of the
conductor, which means the skin effect is neglected, and
the conductor length, l, is much greater than the separated
distance, d. The dimension of l1,2 is 30 mm long and w1,2 and
s1,2 are 1 mm wide for the original state, which correspond
to the prototype mentioned in section II. w1 increases to 3
mm while l2 stretches to 60 mm. The analytical model shows
that the inductance increases from 978 nH to 1176 nH when
the strain reaches 100%, which is equivalent to a 20.26%
increase relative to the original state. As shown in Fig. 4,
this relationship between the sensor’s inductance and strain
corresponds well to the experimental data discussed in the
next section.

B. Response to Uniaxial Deformation
For the uniaxial test, both ends of the elastomer are clamped

between two strips of acrylic and mounted to a gantry plate
while the two ends of the electrodes are connected to a LCR
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Fig. 4. The comparisons of analytical model and experimental data.

meter (E4980AL, Keysight). The material was subject to a
state of plane stress through the reciprocating motion driven
by the linear actuator (NEMA17, Ooznest).

To measure the effect of strain rate, eight different motor
speeds were employed ranging from 1 mm/s to 6.5 mm/s. The
results are depicted in Fig. 6. While stretching, the inductance
increases since the changing length of the electrode has a
more dominant effect than its width and thickness and the
impedance increases as both decreased cross-sectional area
and lengthened traces oppose the flow of electric current.
Since the planar spiral electrode is not a perfect inductor,
the equivalent circuit model consists of an ideal inductor in
series with a resistance where the reactance is proportional to
the inductance and the resistance is proportional to the length
divided by the cross-sectional area. In other words, the increase
of resistance surpasses that of the reactance, resulting in the
reduction of the phase angle and quality factor.

At the lowest strain rate, the variance of the inductance
change is distinctly linear, and the impedance change can be
accurately fitted with a quadratic polynomial as shown in Fig.
8(a). In Fig. 8(b), while the stretch becomes more vigorous
and the hysteresis increases. The induction hysteresis at each
strain rate was determined using a linear regression fit to each
of the loading and unloading branches within the hysteresis
loop and then calculating the inductance difference between
each branch at the midpoint. Dividing this difference by the
total range of inductance gave a relative value as demonstrated
in Fig. S1. However, when the strain of the elastomer reaches
100%, double its original length, the variation of the induc-
tance, quality factor and impedance change is 19%, -23% and
54% respectively, without dependency on the strain rate as
demonstrated in Fig. 8(c).

C. Response to Biaxial Deformation
For the biaxial test, as illustrated in Fig. 5, the circumference

of the elastomer is bonded to a pneumatic chamber whose out-
let is connected to a pressure sensor (SSCSNBN005PDAA5,
Honeywell) and a syringe. The syringe is propelled by the
linear actuator to compress air and expand the silicone as
shown in Fig. 2(c). A laser displacement sensor (LK-G152 and
LK-GD500, Keyence) measures the pole height of the inflated
silicone The electrical signals from the sensors are captured by
data acquisition measurement hardware (USB-6001, National
Instruments) and the strain rate is controlled by the motor
speed ranging from 1 mm/s to 6.5 mm/s.

Laser Sensor

Pressure 
Sensor

Acrylic 
Chamber

Syringe

Linear 
Actuator

Fig. 5. The experimental apparatus for biaxial test.
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Fig. 6. The measurements from the LCR meter versus strain rate for
uniaxial test.
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Fig. 7. The measurements from the LCR meter versus strain rate for
biaxial test.
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Fig. 8. The dynamic measurement results when the pad is stretched (a)-(c) uniaxially and (d)-(e) biaxially. The error bar shows the variance among
three trials. (a) and (d) The inductance change is linear while stretching. (b) and (e) The hysteresis of inductance increases with strain rate. (c) and
(f) The performance at maximum uniaxial(100%) and biaxial(83%) strains among various strain rates.
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Fig. 9. (a) The forward voltage gain drop when the elastomer is stretched. (b) The voltage measured from the transmitter under frequency sweep.
(c) The resonant frequency drops and transmitting voltage increases with increasing strain.
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Based on the assumption of equi-biaxial inflation along
both in-plane directions, the profile of the polymer can be
considered as a circular arc. Therefore, measuring the sagitta
of the arc using the laser displacement sensor allows the radius
of curvature to be determined as illustrated in supplementary
material Fig. S2. The results measured from the LCR meter
are shown in Fig. 7 and the physical explanation behind the
phenomenon is similar to the previous section. However, one
difference with the response to biaxial deformation is that
the initial change of inductance is very non-linear at low
strain rates (strain <20%). This appears to be due to the
effect of gravity causing visible sagging of the membrane
while the inflation pressure is low (<1.7 mmbar). At higher
strain rates the viscoelastic response of the silicone stiffens
the membrane and less sagging was observed. Although the
impedance and quality factor vary significantly with biaxial
expansion, the inductance linearly increases by 20% while
the strain reaches 83% and the hysteresis becomes evident
when the rate of deformation increase above 5 s−1 (peaking
at 6.75 ± 0.32%) as demonstrated in Fig. 8(d) and (e). In
contrast to uniaxial deformation, the impedance and quality
factor at the maximum biaxial strain (83 %) is related to the
strain rate as demonstrated in Fig. 8(f). The values vary by
13%, 24% and 12.5% for quality factor, impedance and phase
angle respectively. However, the impedance remains stable,
and its variation is less than 1%, indicating the reliability of
it serving as a mechanosensory unit.

D. Wireless Sensing Results

Due to the intrinsic spiral design, the sensor itself can
also act as an inductor for wireless communication. To show
the capability of the sensor’s combined strain measurement
and wireless operation, another identical compliant pad acting
as a transmitter is placed above the receiver to wirelessly
trace the electrical variation of the receiver resulting from
deformations as illustrated in the abstract figure. The transmit-
ter is connected to an arbitrary waveform generator (4054B,
BK Precision) and a digital channel oscilloscope (RTB2000,
Rohde and Schwarz) is connected to both transmitter and
receiver to track the variation of voltage change including both
amplitude and phase angle. Two different fundamental types
of deformation, stretching and bending, are investigated. To
magnify the signals, near-field resonant inductive coupling is
utilised, which is achieved by integrating capacitors to one or
both coils to form an LC circuit where the energy can oscillate
between electric and magnetic fields as the reactance of both
counterparts are countervailed. The self-resonant frequency of
the LC circuit is shown in (5), where L is the inductance and
C is the capacitance. It should be noted that it is not necessary
to have a capacitance at the receiver, but if required to tune
the resonant response then it has been shown in [24] and [34]
that a stretchable capacitor is achievable.

f0 =
1

2π
√
LC

(5)

The results of the frequency sweeping test at various strain
states is shown in Fig. 9(a) and (b). When the voltage gain,

S21, is maximum, that frequency corresponds to the resonant
frequency. Coupled with a 2.2 nF capacitor, the forward gain
drops from 2.8 to 1.4 and the resonant frequency attenuates
from 3.28 MHz to 2.92 MHz while the strain increases to
83%. This shift is predominantly ascribed to the geometrical
change of the resilient channels leading to the increased
inductance. If the frequency of the input power is tuned to the
natural frequency of the nominal state and the transmitting
current is regulated to be a constant, then while the sensor
is stretched the coupling between the two coils is weakened
and the reflected impedance resulting from leakage inductance
could increase the load on the transmitting side. The increased
impedance resulting from deformation increases the transmit-
ting voltage, which can serve as a measure of wireless strain
sensing while the receiver is implanted. As shown in Fig. 9(c),
the voltage measured from the primary coil increases by 83%
when the strain reaches 83%. The sensitivity is slightly lower
at low strains but increases 2.5 times and is approximately
constant above 16% strain.

Apart from stretching, bending can also result in the change
of inductance due to the resilience of the material. To show
the potential of the sensor functioning while being implanted,
receiver is embedded into different layers of pork belly since
the tissues of porcine animals are electromagnetically similar
to human tissue [35]. The soft transmitter is placed on top
of the the outer epidermis as illustrated in Fig. 10(a). The
scaffolds are 3D-printed with four different curvatures (from
0 to 8 m−1). The results are shown in Fig. 10(b) which
shows that the transmitting voltage increases with increasing
curvature since the inductance complies to the geometrical
deformation. For the cutaneous layer, which is 2 mm, the
transmitting voltage increases from 3.4 V to 4.2 V. For the
subcutaneous fat layer (3 mm) and secondary lean layer (6
mm), the transmitting voltage changes from 4.4 V to 5.3 V
and from 6.3 V to 6.9 V respectively. Therefore, the variation
of transmitter voltage relative to bending deformation does
not appear to show a clear correlation with the depth of the
receiver in tissue, but the baseline transmitter voltage increases
with increasing depth. In terms of signal-to-noise ratio (SNR)
measured from the transmitter, the values range from 25 dB
to 31 dB with an average 28 dB and an standard deviation
1.8 dB while the receiver is located at different layers and
experiencing different curvatures.
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Fig. 10. (a) The experimental setup for wireless sensing of bending in
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E. Wireless Energy Transfer Results
Accurate positioning is crucial in wireless energy transfer

system as transmitter-receiver separation (axial separation) and
in plane radial misalignment, will diminish the amount of the
magnetic flux passing through the receiving coils resulting
in poor power transfer efficiency. As demonstrated in Fig.
11(a) and (b), voltages from both antennas are measured while
two unit are separated to 12 mm in the axial direction (4
times of sensor’s thickness) and 18 mm in the radial direction
(only 40% of the coils overlap) with the increment of 3 mm.
The results show that the scattering parameter exponentially
decreases with the increasing radial separation. Moreover, the
axial separation has a more significant effect on both voltage
gain and natural frequency than radial misalignment. For 12
mm separation, the voltage gain drops from 2.97 V where
perfect coupling occurs to 1.18 V for radial misalignment but
to 0.81 V for axial misalignment and the natural frequency
tumbles from 4.74 MHz to 4.18 MHz for radial deviation but
to 4.12 MHz for axial separation.

0
0.5

0 0

1

3

1.5

3

2

6

2.5

96

3

129 1512 18
Radial Separation

(mm)

Axial Separation
(mm)

4
00

4.2

3

4.4

3 6

4.6

96

4.8

129 151812

Radial Separation

(mm)

Axial Separation
(mm)

N
at

ur
al

 F
re

qu
en

cy
 (M

H
z)

S 21

(a) (b)

Fig. 11. The variance of (a) scattering parameter (forward gain), s21
and (b) natural frequency when transmitter and receiver are deviated
axially and radially.

IV. DISCUSSION

The inductance is a function of coil geometry and conduc-
tivity. As the entire unit is flexible and stretchable, any kind
of structural deformation can lead to a change of inductance,
which can be a good indicator for the quantity of strain.
The results in Fig. 8(a) and (d) highlight that there is a
clear linearity between inductance change and strain. The
relatively low hysteresis can be attributed to the shape change
of Galinstan where the energy can dissipate as heat due to
the friction and the nonlinear viscoelastic response of the
elastomer. Regarding maximum strain, this design can reach
over 100% while stretching uniaxially or biaxially, which is
superior to most of the PDMS-based sensors with the same
dimension under the same force, whose Young’s modulus is
almost 18 times larger than Eco-flex 00-30, 1.32 MPa versus
0.07 MPa, and linear elastic region only exists when the
strain is below 40% [26], [36]. According to the universal
tensile test result (Instron 3343), the silicone pad without
liquid metal is able to withstand 650% elongation before
break. This suggests that the sensor is endowed with a greater
strain measurement range while being an order of magnitude
more compliant, which decreases the stress exerted on the
surrounding environment by the sensor. These modulus and

extension limit values are comparable to highly stretchable
membrane sensors like dielectric elastomers [34].

Coupling with a capacitor creates a magnetic resonate cir-
cuit, which can be tuned to an optimal configuration where the
reactance of the capacitor and inductor are countervailed and
the resonant frequency of the receiver matches the transmitter.
When both transmitter and receiver are in their nominal state,
it can be assumed that the coils have nearly ideal coupling,
which means that most of the magnetic field produced by one
coil is efficiently delivered to the other. If the transmitter re-
mains stationary, as the receiver deforms, the mutual coupling
decreases and leakage inductance increases. The reactance of
the leakage inductance causes the reflected load at the primary
side, which is proportional to turns ratio squared, n2. Future
work will consider multi-layer or helical spiral designs since
increasing the number of turns of the transmitter can increase
the resolution of the sensor. However, the voltage received
by the secondary coil will be affected if it is connected to a
load as the coils act as a step-down transformer. The increase
of the inductance can also affect the natural frequency which
slightly drops from 3.28 MHz to 2.92 MHz when it is stretched
in plane to 83%.

If the soft inductive coils presented here were applied to
wireless energy delivery in the future, the slight drop of
natural frequency would be beneficial to maintain the amount
of energy transfer at a specific level under deformation. This
is because natural frequency increases with decreasing induc-
tance or capacitance, denoting that more energy is delivered
from transmitting to receiving side but with a higher quality
factor, which leads to a narrower bandwidth. In other words,
the system might only work efficiently at resonance and will
lessen when the elastomer is stretched, which is impractical
for implementing it as both a sensor and an energy transfer
unit of a device. Therefore, a trade off between the maximum
performance at resonance and acceptable working frequency
range needs to be considered when designing the coupling
capacitor.

Due to the comformability and stretchability of the unit, it
can be widely exploited as a soft and wireless strain sensor in
various fields. For example, as a soft implanted sensor the re-
ceiver could be compliant to the internal biological tissue while
the soft transmitter outside the body is comfortably fitted on
the skin or knitted in clothes for remote monitoring, diagnosis
or real-time examinations as illustrated in the abstract figure.
Such healthcare applications require reliable sensors with a
long-lasting power system and therefore wireless inductive
coupling with no on-board power source is an attractive option.
With the increasing emergence of biomaterials and compliant
electronic recently, if dovetailed with wireless technology,
their integration will lead to a great stride in miniaturised
implantable systems. This design also has the potential to be
incorporated in soft robotic systems to eliminate the need for
wiring and circuitry that connect distal strain sensors to the
central controller.

V. CONCLUSION

This work has demonstrated a compliant and stretchable
sensor, which has the capability of coupling mechanical char-
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acteristics with magnetic properties. An analytical expression
is developed to approximate the value of inductance while
being uniaxially stretched with good similarity to experimental
data. The change of inductance under deformation is lin-
early proportional to the strain for both uniaxial and biaxial
expansion. The variation is significant and reaches approxi-
mately 20% when the strain is 100%. Although the system
is strain-rate dependent, the hysteretic effect is under 10%
and negligible at low strain rates (<5 s−1). The stretchable
sensor can also serve as a resonant transformer whose natural
frequency could decline from 3.28 MHz to 2.92 MHz and
the transmitting voltage could increase 83% when strained
in plane by 83% due to the increment of inductance. For
wireless bending sensing in tissues, the transmitting voltage
can increase by 750 mV on average when the receiver is
embedded into various layers of porcine tissues and deformed
to a curvature of 8 m−1. This enables the receiver coil to
be completely wireless as mechanosensory measurement is
directly transmitted without the need for a separate coil. This
design demonstrates the potential of being implemented stably
and reliably for applications where adaptation and sensing are
required simultaneously, such as wearable sensing devices.
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