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Abstract
The strain sensor based on microwave patch antenna is proposed to monitor structural strain in structural health moni-
toring. When patch antenna experiences deformation, the resonant frequency of patch antenna will shift. With these
characteristics, the patch antenna can operate as both the strain-sensing element and communication component. This
article chooses an RT-5880 rectangular patch antenna for strain measurement, focusing on its sensing performance. For
distinguishing the influence of deformation in the antenna’s length direction and width direction, the numerical simulation
is implemented, and then two kinds of laboratory experiments are conducted. The first approach is to paste antennas in
longitudinal and transverse ways and solve the equation set. The other approach is to design another patch antenna with
narrow width and compare the test results with the wide one. All results show that the influence of deformation in wide
direction on sensitivity can be neglected, and the resonant frequency shift has a good linear relationship with the strain
of antenna in length direction.
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Introduction

The key members (e. g. joints or energy-consuming
components) of structure may experience different
degrees of damage after earthquake, hurricane, and
flood. For example, the oil dampers installed on the
first floor of the administration building of the Tohoku
Institute of Technology were completely destroyed dur-
ing the 2011 Great East Japan Earthquake.1,2 When
key members of structure destroy, the resistance to
disaster of structure is weakened and even fatality hap-
pens unless the destroyed members would be repaired.3

For ensuring the security of the structure and avoiding
secondary disasters, the capability of the key members
of the structure which experienced a disaster should be
assessed and then decided whether to repair or substi-
tute. In the process of assessment, as an important
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parameter of structure, strain is necessary to provide a
reasonable reference. So it is useful to choose a suitable
strain sensor to measure strain accurately and easily.

Traditional wired strain sensors include resistance
strain gauge, vibrating wire strain gauges, and fiber
Bragg optic sensors.4 All of them require wires to sup-
ply power and transmit data, which is cost- and labor-
consuming.5 More fatally, when disaster happens, the
strain sensors may fail due to the ruining of wires. To
eliminate the wires in sensing system, many wireless
strain sensors have been developed.6–9 These devices
usually contain a traditional strain-sensing element like
the wired sensor for sensing strain, an analog-to-digital
converter for converting strain data, a microprocessor
for processing data, an antenna for transmitting data
and a battery for supplying energy. These wireless sen-
sors overcome the disadvantage of wired sensing sys-
tem, but the sensing process requires multiple
components cooperatively work, which makes sensing
system complex and inefficient.

With the development of the interdisciplinary, some
researchers have proposed sensors based on patch
antenna which has a special property.10,11 That is, when
the patch antenna experiences deformation, the reso-
nant frequency of the antenna changes accordingly, so
the strain of patch antenna can be computed by mea-
suring its resonant frequency. Based on this special
property, the patch antenna can not only transmit data
wirelessly but also work as the strain-sensing element.
Furthermore, using the radiofrequency identification
(RFID) technology, an RFID reader can wirelessly
provide energy to an RFID tag12 which contains a
patch antenna and a chip. So working with a chip and
an RFID reader, the antenna sensor can operate as a
strain-sensing element, a data transmission element,
and a power receiver simultaneously. Patch antenna,
chip, and RFID reader constitute a simple and effective
strain-sensing system which can measure strain wire-
lessly and passively. This system possesses good appli-
cation prospects.

The patch antenna becomes the most critical module
in the system due to its special property, and its strain-
sensing characteristic is essential. There are a good lin-
ear relationship between the resonant frequency of
patch antenna and the strain in its length direction
according to the design formulas,13–15 so patch antenna
is very suitable as a strain-sensing element. With this
property, scholars developed different sensors based on
patch antenna and tested their sensing characteristics.
Yi and colleagues16,17 proposed a strain sensor based
on rectangular patch antenna working at ultra-high fre-
quency (UHF). Daliri et al.18,19 presented a stain sensor
based on circular patch antenna working at the micro-
wave frequency. Zhao et al.20 used in-phase quadrature
(IQ) signal to improve the robustness of the antenna
sensor. Other researches can be found in literature.21–25

The resonant frequency shift of patch antenna sen-
sor under unit strain is defined as sensitivity coefficient,
which will be affected by following aspects investigated
before: (1) the efficiency of mechanical strain trans-
ferred from the base structure to the top surface of the
antenna sensor due to shear lag effect;26 (2) dielectric
constant change of substrate caused by its deforma-
tion27 and temperature.28 Besides, the formula for
designing patch antenna is based on transmission-line
model,29 in which the transverse alteration of electro-
magnetic fields is not taken into account. In other
words, the influence of transverse deformation induced
by Poisson effect on sensitivity of antenna sensor is
neglected when antenna sensor experiences strain.

In order to ensure good linear relationship between
resonant frequency of antenna sensor and strain in the
length direction, the influence of deformation in the
width direction on sensitivity should be discussed in
case this simplified formula is not practical in strain
monitoring. In this article, a chipless strain sensor
based on RT-5880 rectangular patch antenna whose
resonant frequency is around 2.45 GHz is proposed
first. The tension experiments are carried out under the
two conditions that the strain-sensing direction of
chipped strain sensor is parallel to the tension direction
and perpendicular to the tension direction, respectively.
Then influence of the transverse strain can be decided
by solving the equation set. In addition, another patch
antenna with the same length and varying width of the
former are designed. The influence of transverse defor-
mation on sensitivity can be verified more intuitively by
comparing the tension experiment results of the two
patch antennas, so does the influence on initial reso-
nant frequency.

The rest of the article is organized as follows.
Section ‘‘Principle of operation’’ introduces the theory
of strain-sensing mechanism of patch antenna. In sec-
tion ‘‘Design and simulation of patch antenna,’’ the
patch antenna is modeled by finite-element software
HFSSTM, and its resonant frequency is simulated under
the strain in length direction and width direction. In
section ‘‘Experiments of patch antenna,’’ two serial of
experiments are designed to test the strain-sensing char-
acteristics in both two directions. And section
‘‘Summary and discussion’’ provides a summary and
discussion of this work.

Principle of operation

Rectangular patch antenna received considerable atten-
tion since 1970s, due to its advantages of compact-size,
low profile, multiplexing, high gain, easy production,
and so on. As antenna-enabled passive sensors for sen-
sing temperature, strain, and other measurands, it has
been studied extensively since the new millennium. The
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common rectangular patch antenna is a half-
wavelength rectangular patch antenna.

The radiation patch could be folded by shorting the
radiation patch and the ground plane through vias,
reducing the antenna length of half-wavelength to
quarter-wavelength. Thus, a quarter-wavelength rec-
tangular patch antenna is adopted for sensing strain in
this article.

As shown in Figure 1, the quarter-wavelength rec-
tangular patch antenna consists of copper patch,
ground plane, substrate, matching line, feeding point,
and vias. The copper patch is the radiation source of
electromagnetic wave. The substrate made of RT-5880
in this article is perforated at the top edge of copper
patch, making the top copper patch and the bottom
ground plane short-circuit with the vias. The antenna is
connected with the load through the matching line and
feeding point.

Transmission-line model of folded rectangular patch
antenna

For analysis of microstrip antenna, the existing meth-
ods30 are the transmission-line, cavity, and full wave.
Among them, the transmission-line model renders good
physical insight and is easy to apply, although it is less
accurate. Basically, the microstrip antenna is modeled
by two slots separated at a distance, ignoring the
change of electromagnetic wave in width direction.

The resonant frequency of patch antenna which
mainly depends on the length of the copper patch is the
frequency at which power loss of patch antenna reaches
minimum. In other words, the patch antenna will oper-
ate best when working at resonant frequency. At zero
strain level, it can be calculated by the following
formula16

fr0 =
c

4(L+DL)
ffiffiffiffi
ee

p ð1Þ

where fr0 is the initial resonant frequency, c is the speed
of light, L is the length of the top copper patch, ee is the
effective dielectric constant which can be estimated by
relative dielectric constant er as

31

ee =
er + 1

2
+

er � 1

2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1+

10H

W

r
ð2Þ

where W is the width of the top copper patch, and H is
the thickness of the substrate.

In formula (1), DL is the compensating additional
length due to edge-fringing field defined in the follow-
ing formula32

DL= 0:412H
(ee + 0:3)(W=H + 0:264)

(ee � 0:258)(W=H + 0:8)
ð3Þ

According to these formulas, the resonant frequency
of patch antenna is mainly dependent on the length of
the top copper patch L, since DL is far less than L can
be neglected.

When the antenna experiences strain ey in its length
direction, the relationship between the resonant fre-
quency fr and the strain ey can be estimated as the fol-
lowing formula

fr ’
c

4(L+DL)
ffiffiffiffi
ee

p
(1+ ey)

=
fr0

1+ ey

ð4Þ

Normally, the strain is far less than 1 and DL is far
less than L in practice, which means formula (4) can be
simplified as following formula

fr ’ fr0 � fr0ey ð5Þ

As can be seen in the formula (5), there is an
approximately linear relationship between the resonant
frequency of patch antenna and its strain in length
direction, and the value of slope which represents the
sensitivity coefficient of strain sensor is equal to the
opposite number of initial resonant frequency.
However, when the patch antenna experiences strain in
length direction, its width change accordingly due to
Poisson effect. On one hand, formula (1) based on
transmission-line model ignores the change of electro-
magnetic wave in width direction. On the other hand,
the compensating additional length and the change of
effective dielectric constant are omitted which actually
all varies with the width of patch antenna according to
equations (2) and (3). In order to confirm the effect of
intentional transverse deformation on sensitivity of
patch antenna, the numerical simulation and experi-
ments are conducted. Primarily, the measurement of
resonant frequency of patch antenna should be
introduced.

Figure 1. The components of quarter-wave rectangular patch
antenna.
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The measurement of the resonant frequency

The resonant frequency is measured by a network ana-
lyzer in this article. The electromagnetic wave is emitted
by the network analyzer to patch antenna at different
frequencies via a coaxial cable. Then the patch antenna
reflects part of electromagnetic wave received back to
the analyzer. The return loss S11(f ) representing the
degree of power loss can be estimated as the following
formula

S11(f )= 10 lg
Pbs(f )

Pem(f )

� �
ð6Þ

where f is the frequency emitted by network analyzer,
Pem(f ) is the input power, and Pem(f ) is the reflection
power.

The return loss attains its minimum at the resonant
frequency, since patch antenna losses the least energy
when working at resonant frequency, as described in
formula (7). So the resonant frequency of patch
antenna can be obtained by searching the minimum of
return loss curve. When patch antenna experiences
strain, the curve will shift as the change of resonant fre-
quency, shown in Figure 2. Then the changed resonant
frequency can be obtained using the same method and
the resonant frequency shift can be calculated

S11(fr0)= min½S11(f )� ð7Þ

Design and simulation of patch antenna

In this section, a finite-element software HFSS is used
to design and simulate a quarter-wave rectangular
patch antenna with RT-5880 substrate. In section
‘‘Patch antenna design,’’ the patch antenna is designed.
In section ‘‘Simulation of the patch antenna,’’ simula-
tion of patch antenna is implemented and the result is
analyzed.

Patch antenna design

Since a high sensitivity coefficient of chipless strain sen-
sor needs a high initial resonant frequency of patch
antenna according to formula (5), the patch antenna
whose initial resonant frequency is around 2.45 GHz is
chosen. The approximate size of patch antenna can be
computed according to section ‘‘Principle of opera-
tion.’’ Then the three-dimensional (3D) prototype of
patch antenna is established in HFSS, as shown in
Figure 3. The boundaries of copper patch and ground
plane are set as perfect. The bonding between the cop-
per patch/ground plane and the substrate are assumed
to be ideal. The patch antenna is placed at the center of
an air sphere. At the outer surface of the air sphere,
only radiation is assigned.

In this model, the size of the matching line should be
optimized, ensuring the impendence match between
patch antenna and coaxial cable. In the case of impen-
dence match, it is easiest for the network analyzer to
measure the resonant frequency of patch antenna. The
size parameters and dimensions of patch antenna mod-
els after optimizing are shown in Figure 4 and Table 1,
respectively. Ultimately, the initial resonant frequency
of patch antenna is solved by a frequency domain sol-
ver, and its value is 2.5269 GHz.

Simulation of the patch antenna

By increasing the length and decreasing the width of
the patch antenna in HFSS, the uniaxial tension in the
length direction of the patch antenna can be simulated.
In this way, the resonant frequency of the patch
antenna can be extracted from return loss curve solved

Figure 2. The measurement of the resonant frequency at
different strain.

Figure 3. The HFSS model of the patch antenna.

4 International Journal of Distributed Sensor Networks



by HFSS under each strain level from 0& to 16& at
an increment step of 2&. As shown in Figure 5(a), the
resonant frequency of patch antenna decreases as the
tensile strain increases.

As shown in Figure 5(b), the correlation coefficient
(R2) is 0.9991, which means there is a good linear rela-
tionship between the resonant frequency of patch
antenna and the strain in the length direction. The slope
of fitted line is �2:4133 kHz=me, which represents the
sensitivity coefficient of strain sensor, meaning the reso-
nant frequency of patch antenna decreases 2.4133 kHz
with 1 me strain increments. According to formula (5),
the theoretical value of the sensitivity coefficient should
approximately equal to �2:5269 kHz=me, the opposite
number of initial resonant frequency. The relative error

between the simulated value and theoretical value is
4.50%, the reasons of which are as follows: (1) equation
(5) is derived approximately and (2) the numerical
simulation limits the accuracy since the change of the
dimension is minor.

Experiments of patch antenna

In order to test the influence of deformation in width
direction on sensitivity, two series of experiments are
designed. The first experiments are designed in section
‘‘Design and results of Experiment I’’ by changing past-
ing method and its results are analyzed in section
‘‘Results analysis of Experiment I.’’ Then a patch
antenna whose width is narrower than former is
designed for the other experiment in section ‘‘Design of
Experiment II’’ and ‘‘Result analysis of Experiment II.’’

Design and results of Experiment I

The patch antennas are pasted on the aluminum plates,
and the plates are loaded by a testing machine. The
strain of plates is transferred to the antenna, which
makes the resonant frequency of patch antenna shift.
In order to test the influence of the deformation in two
directions on sensitivity of patch antenna, it is neces-
sary to measure the resonant frequency shift, the strain
in the length direction and the strain in the width direc-
tion of patch antenna with deformation. But there are

Table 1. The dimensions of patch antenna.

Parameters W L H W1 W2 L1 L2 L3

Dimensions (mm) 39.0 45.4 0.5 35.0 2.1 20.6 18.7 4.0

Figure 4. The parameters of patch antenna.

Figure 5. The simulation result when antenna experiment a strain in length direction: (a) the S11 curves at each strain level and (b)
the relationship between the resonant frequency and the strain in length direction.
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two problems if those three parameters are measured
directly.

1. Due to the Poisson effect, the strains in two
directions (length and width) coexist at the same
time when the patch antenna is under a uniaxial
loading.

2. If the strain gauges are pasted on the antenna to
measure the strain of antenna, the wires of strain
gauges will disturb the electromagnetic field
induced by patch antenna, causing an inaccurate
measurement of the resonant frequency.

In order to avoid these problems, some indirect ways
are adopted. For the strain measurement, a dynam-
ometer is used to detect the tensile force of the testing
machine (SJV-30000). Connected with the stiffness of
the plates, the Poisson ratio of the plates and the strain
transfer efficiency, the strain of antenna in both two
directions can be calculated. To distinguish the influ-
ence of the strain in two directions, the antennas are
pasted on the aluminum plates using super glue by two
ways: the longitudinal way and the transversal way, as
shown in Figure 6. The longitudinal way is that the
length direction of antenna is parallel to the length
direction of plate. And the transversal way is that the
length direction of antenna is perpendicular to the
length direction of plate. By pasting antennas in these
ways, the strain of antenna on each antenna is different
under the same tensile force applied to the two ends of
plate, which causes a different resonant frequency shift.
Then the influence of the strain in two directions can

be distinguished by solving a binary linear equation
group.

The experiment setup is designed as follows:

1. Carrying out an experiment study on aluminum
plate characteristics, measuring the stiffness and
the Poisson ratio of the plates.

2. Carrying out an experiment study on the strain
transfer efficiency between the strain of patch
antenna and plate.

3. Measuring the resonant frequency shift of the
patch antennas pasted on the plates in longitu-
dinal and transversal ways.

For the first experiment, using some wired strain
gauges and a dynamometer, the tensile force and the
strain of aluminum plate in both longitudinal and
transversal directions can be measured. Then the stiff-
ness and Poisson ratio of aluminum plate can be com-
puted. Repeating the experiment three times, the
average of measured stiffness K is 68.5 GPa and the
average of measured Poisson ratio m is 0.331.

For the second experiment, the strain of plate and
the strain of antenna in both two directions are mea-
sured with some strain gauges. The strain transfer effi-
ciency coefficients h22, h12, h11, and h21 can be
calculated using formula (8)

h22 =
eANy

ePLy

, h12 =
eANx

ePLx

(in longitudinal way)

h11 =
eANx

ePLx

, h21 =
eANy

ePLy

(in transversal way)

8>><
>>:

ð8Þ

where h is the strain transfer efficiency coefficient. The
first subscript represents the direction of the transfer
efficiency. ‘‘1’’ represents the width direction of patch
antenna, and ‘‘2’’ represents the length direction of
patch antenna. The second subscript represents the
pasting way. ‘‘1’’ represents the transversal way, and
‘‘2’’ represents the longitudinal way. eANy is the strain of
patch antenna in the length direction, eANx is the strain
of patch antenna in the width direction, ePLy is the strain
of aluminum plate in the length direction, and ePLx is
the strain of aluminum plate in the width direction.
Besides, here is the relationship ePLx = � mePLy.

The test results of transfer efficiency coefficients are
recorded in Table 2.

The setup of the third experiment is shown in
Figure 7. The dynamometer is used to measure the ten-
sile force, and the network analyzer is used to detect

Figure 6. The experimental specimens of patch antenna: (a) In
longitudinal way and (b) in transversal way.

Table 2. The calculated results of transfer efficiency coefficient.

h22 h12 h11 h21

70.73% 85.26% 86.31% 79.19%
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the resonant frequency of patch antenna. The testing
machine loads from 0 kN to around 12 kN with an
increment step of 2 kN. The longitudinal strain of the
aluminum plate reaches around 700 me when the load-
ing process is completed.

At each load level, the network analyzer records the
S11 curve 10 times, and these curves are averaged as
follows

S11(f )=
1

10

X10

i= 1

S11, i(f ) ð9Þ

The load step is 2 kN, which causes only 120 me
strain increment. So the averaged return loss curves of
two adjacent steps are very close. In order to demon-
strate the tendency of return loss curve shift clearly, the
return loss curve (antenna pasted in longitudinal way)
at every three step are shown in Figure 8(a). Obviously,
there is a decreased tendency of resonant frequency of
patch antenna when the tensile force increases. Due to
the environment noise, the return loss curves are very
rough, which makes the extraction of resonant fre-
quency more difficult. As shown in Figure 8(b), a quad-
ratic polynomial is adopted to fit the bottom of the
return loss curve, and the minimum point of the fitted
polynomial is chosen as the resonant frequency of patch
antenna. By this method, the initial resonant frequency,
2.5209 GHz, is detected.

After extracting the resonant frequency of patch
antenna at each load level, the relationship between the
resonant frequency of patch antenna and the longitudi-
nal strain of the aluminum plate is fitted linearly. This
experiment is repeated three times, and the results of
the first time are shown in Figure 9. Figure 9(a) show
the result of specimen pasted in longitudinal way, and
Figure 9(b) shows the result of specimen pasted in
transverse way. In these figures, the abscissas present
the longitudinal strain of the plates, which can be com-
puted with the tensile force and the stiffness of the
plates. When patch antenna is pasted in the longitudinal
way, the resonant frequency of patch antenna decreases
resulting from the increasing tensile force. In the situa-
tion of pasting patch antenna in transversal way, the
resonant frequency of patch antenna increases as the
load increases because of the compression strain of
patch antenna in the length direction caused by Poisson
effect.

After completing each experiment three times, the
average slope of fitted line and the longitudinal strain

Figure 7. The setup of loading experiment.

Figure 8. The tested return loss curves (longitudinal pasting way): (a) S11 curves at different load levels and (b) quadratic
polynomial of S11 curves.
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are calculated. When the patch antenna is pasted in
longitudinal way, the averaged slope k2 is
�1:730 kHz=me. And when the patch antenna is pasted
in transverse way, the averaged slope k1 is
0:689 kHz=me.

Results analysis of Experiment I

Due to the coexistence of the plate’s strain in two direc-
tions, the influence of the strain in length and width
direction on sensitivity of patch antenna should be
decomposed. The strain of patch antenna in length and
width direction can be computed with the longitudinal
strain of plate ePLy, the strain transfer efficiency coeffi-
cient h, and Poisson ratio of plate m as shown in the
following equation

eANy =
h22eALy, in longitudinal way

�mh21eALy, in transversal way

�

eANx =
�mh12eALy, in longitudinal way

h11eALy, in transversal way

� ð10Þ

For a longitudinally pasted antenna, when the longi-
tudinal strain of the aluminum plate is ePLy, the reso-
nant frequency shift is k2ePLy according to section
‘‘Results analysis of Experiment I.’’ According to for-
mula (10), the strain of patch antenna in length direc-
tion is h22eALy, which causes the resonant frequency
shift kyh22eALy, where ky represents the sensitivity coeffi-
cient of chipless strain sensor corresponding to the
strain of patch antenna in length direction; the strain in
width direction is �mh12eALy, which causes the resonant
frequency shift �kxmh12eALy, where kx represents the
sensitivity coefficient of chipless strain sensor corre-
sponding to the strain of patch antenna in width direc-
tion. Similarly, for a transversally pasted antenna,
when the longitudinal strain of the plate is ePLy, and the
resonant frequency shift is k1ePLy. The strain of patch

antenna in length direction is �mh21eALy, which causes
the resonant frequency shift �kymh21eALy; the strain in
width direction is h11eALy, which causes the resonant
frequency shift kxh11eALy. Then, formula (11) can be
inferred as

k2 =h22ky � mh12kx

k1 = � mh21ky +h11kx

�
ð11Þ

By solving this equation set, the slope ky is
�2:4739 kHz=me, which is very close to the initial reso-
nant frequency of the patch antenna. And kx is
�0:0062 kHz=me, showing the strain in the width direc-
tion has very little effect on sensitivity. In other words,
the influence of the deformation in the width direction
on sensitivity of patch antenna can be ignored.

Design of Experiment II

In this section, another patch antenna whose dimen-
sions are the same with the one in front except the
width is designed. On one hand, the influence on initial
resonant frequency can be researched induced by width
change. On the other hand, when the two kinds of
patch antennas are stretched longitudinally with the
deformation in length direction, their transverse defor-
mation are different due to the varying width, so the
influence of the transverse deformation on sensitivity of
patch antenna can be verified by tension experiments.

According to the formulas in section ‘‘Principle of
operation,’’ the narrow patch antenna is designed. The
process of design is similar to the one in the front. The
parameters and dimensions of the narrow patch
antenna are shown in Figure 4 and Table 3.

Then the tension experiments of the two kinds of
patch antennas are conducted. They are bonded on the
aluminum plates for stretching, respectively, shown in
Figure 10. The axial force applied is applied at the two

Figure 9. The relationship between the resonant frequency and the longitudinal strain of plate: (a) pasting antenna in longitudinal
way and (b) pasting antenna in transversal way.
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ends of specimen from 0 to 12 kN at an approximate
increment step of 2 kN by the tensile testing machine
so that different strain levels from 0 to 700 me approxi-
mately can be generated in the specimen.

Result analysis of Experiment II

At each strain level, the return loss curve is obtained by
network analyzer and the resonant frequency of patch
antenna is extracted from the return loss curve by pick-
ing its minimum. Then the resonant frequency shift is
fitted linearly with respect to the applied strain of plate
in the length direction. The results are shown in
Figure 11 and Table 4.

The measured initial resonant frequency of the wide
patch antennas is 2.522 GHz, and the measured

sensitivity coefficients of chipless strain sensor which is
equal to the slope of the fitted line is –1.777 kHz/me.
For narrow patch antenna, the two parameters are
2.372 GHz and –1.793 kHz/me, respectively. Due to the
difference between initial resonant frequencies of the
two kinds of patch antennas, the ratio of the measured
sensitivity coefficients to initial resonant frequencies is
used to compare between them, which are 0.7046 and
0.7559, respectively. According to sections ‘‘Principle of
operation’’ and ‘‘Experiments of patch antenna’’, the
value of the ratio should be equal to the transfer effi-
ciency coefficient h22, whose value is 70.73% for wide
patch antenna and 76.44% for narrow patch antenna.
The relative error for the two antennas are 0.38% and
1.11%, respectively. So the experiment results indicate
that the initial resonant frequency of patch antenna will
be affected due to the change of width, but the influ-
ence of the transverse deformation on sensitivity of
patch antenna can be neglected in engineering.

Summary and discussion

This article designs and manufactures the RT-5880
quarter-wave rectangular patch antenna as a strain sen-
sor and focuses on the sensing performance. According

Table 3. The dimensions of narrow patch antenna.

Parameters W L H W1 W2 L1 L2 L3

Dimensions (mm) 21.0 45.4 0.5 17.0 2.1 20.6 18.7 4.0

Table 4. The experiment results of two kinds of patch antennas.

Sample The initial resonant
frequency (GHz)

Measured sensitivity
(GHz/e)

The ratio Longitudinal
transfer efficiency

Relative error

Wide patch antenna 2.522 1.777 70.46% 70.73% 0.38%
Narrow patch antenna 2.372 1.793 75.59% 76.44% 1.11%

Figure 10. Experimental specimens of patch antenna: (a) the
wide antenna specimen and (b) the narrow antenna specimen.

Figure 11. Strain-resonant frequency-fitted lines.

Wan et al. 9



to the design formula of the patch antenna, it has a
good unidirectivity of strain-sensing characteristic, but
the design formula is based on the transmission-line
model which ignores the influence of deformation in
width direction to simplify the model. So simulations
and experiments are conducted to study on the influ-
ence of deformation in both two directions on sensitiv-
ity of patch antenna. The results show that the
deformation in width direction has a very little influ-
ence on sensitivity of patch antenna, which means the
chipless strain sensor has a good linear relationship
between the resonant frequency of patch antenna and
the strain in length direction. Therefore, the patch
antenna has good strain-sensing characteristics as a
strain sensor.

This antenna sensor still needs coaxial cable for
power supply and data transmission. However, the
patch antenna shows good strain-sensing characteris-
tics, so it can be used to form an RFID strain-sensing
system with a chip and RFID reader, making wireless
detection realized. In this system, the patch antenna
operates as strain-sensing element, data transmission
element, and power receiver simultaneously, which sim-
plifies the wireless strain-sensing system and improves
its efficiency. So as a new strain-sensing element, the
patch antenna has a board prospects.
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