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Abstract—Ultra High Frequency (UHF, 865-868 MHz) Radio
Frequency Identification (RFID) devices are expected to be im-
plemented in many health-caring areas. In this paper, we present
three progressive designs of textile UHF-RFID antennas on
surgical masks using a function-extensible integrated circuit (IC)
chip (Rocky 100). The simulated and measured resonance curves
of the designs all match well (|S11| < -20 dB at 868 MHz) and
the maximum realized gain are improved progressively in order
to overcome the difficulty of the chip low sensitivity and increase
the maximum read range. The best type (Design 3) is selected
and its read range measured by the RFID reader (M6e kit)
can reach 2.5 m in air. In addition, several reliability validation
measurements are performed, such as bending and skin contact,
and maximum read range can reach 1.1 m considering the on-
body worn worst case. The proposed Design 3 allows common
use as a tag for tracking or safe distance alert under an epidemic
situation. Alternatively, for the used function-extensible chip, the
design can be applied to many different types of sensors for
various application scenarios.

Index Terms—Textile, Ultra High Frequency Radio Frequency
Identification (UHF-RFID), textile antenna, conductive yarns,
surgical masks, bending, skin contact, backscattering, read range,
Rocky 100, M6e kit

I. INTRODUCTION

IN modern society, Radio Frequency Identification (RFID)
technology is essential in diverse applications [1] [2] [3]

such as the goods classification, industrial process monitoring
[4], transportation [5], localization and stuff management [6].
Most of them are developed on a hard or flexible Printed
Circuit Board (PCB) with popular circuit (IC) chips such as
EM4237SLIC, SL3S5002N0FUD and Monza R6. In addition,
some tags can be designed to connect sensors with different
functions [7]. For these types of RFID sensors, IC chips
need to have extendable ports for sensors connection and
optional power interface. Compared with the common Ultra
High Frequency (UHF, 865-868 MHz) RFID tags and sensors
on PCB, the majority of textile UHF-RFID tags and sensors are
embroidered by conductive yarns on textile substrates [2] [8],
which is different with the copper on PCB. On the one hand,
the textile tags can be developed on common clothes which are
more comfortable and lighter than those based on PCB inserted

Manuscript received Month DD, YYYY; revised Month DD, YYYY;
accepted Month DD, YYYY. This work was supported in part by Spanish
Government-MINECO under Project TEC2016-79465-R, and China Schol-
arship Council under Grant No.201908440233. Corresponding authors: Raúl
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into clothes. On the other hand, the conductive yarns and tex-
tile substrates are sensitive to the environmental factors such
as humidity [9], temperature, bending and washing [10] [11].
As a result, before addressing the electromagnetic simulation
design, the parameters of the materials such as permittivity,
loss tangent and thickness need to be confirmed. After the
designs are embroidered, related reliability tests need to be
operated.

Some textile RFID tags and sensors are designed with two-
pad IC chips which are small and more sensitive to wake
up. However, these types of chips with two pads and low
wake-up power are especially used as ID textile tags [14]. The
related sensing functions can be only explored by the features
of textile materials, which limits the sensing applications. For
example, the textile antenna (Bellyband antenna) [16] designed
with the IC chip Murata Magicstrap LMXS31ACNA-011 is
used as a tag with a strain sensing function. In addition, there
is no other interface for extensional sensing functions and on-
body read range is only 0.6 m [18]. As a result, exploring the
possibility and reliability of the function-extensible IC chips
is also a novel research orientation.

Moreover, for the special features of textile materials [12],
related UHF-RFID tags and sensors for health-caring moni-
toring [13] [14] and diagnosis [15] are of growing concern
in recent years. Most of them are used in health-caring
applications such as breath monitoring for pregnant women or
babies [16], move tracking for patients [19] and temperature
monitoring. However, for the future aging society and Internet
of Things (IOT) development, novel applications for health-
caring areas based on textile UHF-RFID sensing technology
are expected to be explored and related challenges such as the
function-extensible IC chips used on textile materials need to
be overcome.

In this paper, considering a general epidemic situation in
which the surgical masks are frequently used for human
beings protection, we develop three progressive designs of
textile UHF-RFID antennas on surgical masks and the used IC
chip (Rocky 100) is extensible for different sensors. Related
preparatory work before simulation such as the permittivity,
loss tangent, thickness measurements and detailed embroi-
dery method is implemented and presented. We explain the
progress of the three designs through comparison between
their simulated resonance and radiation performance. For the
measurements of the impedance and read range, we compare
the results to the electromagnetic simulations to validate
their performance. Finally, we apply the selected sample to
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validate the reliability by the tests under bending and skin-
contact situations. The basic use of the designs is the user
identification, Nevertheless, due to the function extensibility
of the chips, various textile sensors can be included under
specific scenarios.

II. DESIGN AND RELATED WORK

A. Progressive textile UHF-RFID designs

The textile UHF-RFID antennas are designed on surgi-
cal masks and the configuration of the proposed progres-
sive designs are shown in Fig.1. Considering the used chip
(Rocky 100) with a capacitive impedance of 64-i*469 ohm,
the proposed antennas are expected to be designed with
an inductive behavior. Note that for UHF-RFID chips with
complex impedance, the corresponding antenna design way is
different from conventional antenna design experience (such
as W11<<L11 for a conventional folded dipole) with a feed
port of 50 ohm. Therefore, a loop structure for matching as
shown in Fig. 1 (a) has been selected as a design strategy.
Then through an electromagnetic field analysis as illustrated
in next section and typical ‘T-match’ structure analysis [17],
the progressive structures, Design 2 and 3 are developed as
shown in Fig. 1 (b) and (c), respectively. As a consequence,
the Design 3 is derived from the simple ’T-match’ structure
with ‘circular end caps’ for increasing the radiation property
(directivity and realized gain). The size parameters are detailed
in Table I. All of the designs are embroidered using conductive
yarns as antennas and surgical masks as substrates. The textile
material of the antennas is a commercial conductive twisted
yarn (Shieldex 117/17 dtex 2-ply) made of 99% pure silver-
plated Nylon (bulk conductivity: 11500 siemens/m). Moreover,
as shown in Fig. 1 (c), the UHF-RFID chip (Rocky 100) is
sewed by Nylon yarn which is not conductive and fixed by
a type of glue (G-15). The substrate is a type of common
surgical masks made of staple fibres (short) and long fibres
(continuous long).

Due to the non-rigid geometry of the surgical mask and
its electrical parameters such as permittivity (εr) and loss
tangent (tanθ), the surgical mask has an effect on the UHF-
RFID antenna performance. In addition, εr and tanθ are two
essential parameters for simulation and in order to obtain more
accurate values, the two parameters of the masks (εr: 1.1439
and tanθ: 0.0001265) are measured by a split post dielectric
resonator with a Microwave Frequency Q-Meter as shown in
Fig. 2. On the other hand, its thickness (Thicr = 0.62 mm)
can be measured by the Electronics Outside Micrometer (132-
01-040A) which has 0 - 25 mm read range and 0.001 mm
resolution of digit.

TABLE I
SIZE PARAMETERS OF THE DESIGNS (UNIT: MM)

Type L11 W11 T11

Design 1 34 21 2
Type L21 L22 W21 T21

Design 2 33 22 20 2
Type L31 L32 W31 T31 R31

Design 3 27 20 20 2 10

Fig. 1. Configuration of the proposed progressive designs. (a)loop type, (b)
dipole type with balanced ’arms’, (c) dipole type with balanced ’circular end
caps’.

In addition, note that the UHF-RFID chip (Rocky 100) is
selected for the work, which is different from the chips used
in most textile/knitted wearable UHF-RFID tags. The Rocky
100 chip is normally used for UHF-RFID sensors on PCB.
In other words, this chip has several pads (16 pads) which
can be used for sensors connection in active/passive situations
for many different sensing applications. Compared with some
popular chips such as Monza R6 with two pads, the Rocky
100 has a lower sensitivity (minimum wake-up power) of -
10 dBm, while Monza R6 has higher sensitivity of about -20
dBm. As a result, the UHF-RFID antenna needs to be designed
for higher gain and good conjugate impedance match with the
chip.

Fig. 2. Substrate permittivity and loss tangent measurements.

B. Method for Impedance Measurements

For balanced antennas, a popular method for impedance
measurements is to combine the function (port extension) of
the Microwave Analyzer (N9916A) with the common-earth
cables as shown in Fig. 3. This method was validated in some
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Fig. 3. Calibration setup with the common-earth cables for impedance
measurements method.

works [20] [21] [22]. Concerning to the procedure, first of all,
the Microwave Analyzer with two professional cables needs
to be calibrated by a standard calibration kit. Secondly, after
connecting the professional cables to the common-earth cables,
the function (port extension) of the Microwave Analyzer needs
to be adjusted in order to move the calibration plane from the
ends of the professional cables to the ends of the common-
earth cables. And then, the traces in smith chart of the two
ports should roughly converge to the open circuit position
in Microwave Analyzer.. Next, the two tips of the common-
earth cables are connected to the proposed textile UHF-RFID
antennas and the S parameters in 50 ohms can be obtained.
Note that the measured S parameters using the common-earth
cables are earth-referenced and need to be transferred for the
differential reflection coefficient (ρ) of the antennas. Finally, Z
parameters of the tested antennas and the differential reflection
coefficient (ρ) in the complex conjugate impedance of the chip
can be calculated using the equations 1 and 2 as follows,

Zant =
2Z0(1− S11S22 + S12S21 − S12 − S21)

(1− S11)(1− S22)− S12S21
(1)

Where Z0 is 50 ohms, S11, S12, S21 and S22 are the measured
S parameters, Zant is the Z parameters of the tested antennas.
And,

ρ =
Zant − Z∗

chip

Zant + Z∗
chip

(2)

Where Z∗
chip is the conjugate impedance(64+i*469) of the chip

and ρ is the differential reflection coefficient (also called S11)
in the complex conjugate impedance of the chip.

III. SIMULATION AND ANALYSIS

Considering that the complex impedance of the used chip
(Rocky 100) is 64-i*469 ohm, the impedance of the designed
antenna should be close to 64+i*469 ohm. Note that the chip
has higher resistance and reactance than that of some two-pad
UHF-RFID chips such as the Monza R6 with the complex
impedance of 12-i*120 ohm. In some antenna designs, resis-
tance and reactance curves for antennas present fast-changing
slopes and larger tangent, which means that the resistance and
reactance values change sensitively. Hence in order to reduce
the effects on frequency bandwidth of antenna designs, it is
more important that the designed antenna can have a good
conjugate impedance match with the chip [23] [24], which
implies that the designed antennas need to have complex

impedance with the conjugate impedance of the chip as close
as possible. In addition, the differential reflection coefficient
(ρ) of the work band should be lower than -10 dB.

In addition, as mentioned in previous section, although
the function-extensible feature of the chip (Rocky 100) is
attractive, its lower sensitivity still needs to be considered.
Therefore, the UHF-RFID antenna needs to be designed to
achieve a realized gain as high as possible (at least higher
than -3 dBi). For the proposed three designs, one of the
targets is to improve the gain but reduce the impact on the
conjugate impedance match. As a results, the Design 1, 2 and
3 are optimized progressively. After being optimized, the three
designs are shown in Fig.1 and the final size parameters are
shown in Table I.

A. Resonance Analysis

Fig. 4. Simulated impedance for the three progressive designs (Dashed lines:
required antenna complex impedance 64+i*469 ohm at 868 MHz).

Fig. 4 shows the simulated impedance for the three progres-
sive designs, including the resistance and reactance curves.
The three designs behave inductively at the resonance fre-
quency (868 MHz), in which the closer two to the feed
impedance are the Design 1 and 2 with impedance of 67+i*468
ohm and 74+i*466 ohm, respectively. The Design 2 can be
developed by a size-optimized Design 1 with balanced ’arms’.
By adding the circular end caps to the Design 2 and optimizing
the size parameters, Design 3 has impedance of 119+i*421
ohm. Although the impedance match seems to degrade from
Design 1 to 3, the reflection coefficients of the three designs as
shown in Fig. 5 are still within acceptable limits. In addition,
the ’arms’ and the ’circular end caps’ are expected to increase
the antenna gain.

In detail, the S parameters (reflection coefficients) of the
three designs as shown in Fig. 5 are all under the -10 dB at
868 MHz. At resonance point (868 MHz), the Design 1, 2
and 3 have reflection coefficients of -48 dB, -39 dB and -22
dB, respectively. The Design 1 and 2 present a bandwidth of at
least 400 MHz (Design 1: 560 MHz and Design 2: 515 MHz),
while Design 3 have a bandwidth of 370 MHz. In addition,
transmission coefficients (τ ) for the Design 1, 2 and 3 can be
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calculated as 0.9992, 0.9945 and 0.8519, respectively. Due to
the basic features of general textile materials, environmental
factors often make influence on the resonance frequency of the
textile UHF-RFID antennas. As a result, the bigger bandwidth
can improve reliability when the resonance frequency shifts
within a certain range.

Fig. 5. Simulated reflection coefficients for the three progressive designs.

B. Radiation Performance Comparison

Fig. 6. Electromagnetic fields and current distribution at 868 MHz. Design1:
(a), (d) and (g). Design 2: (b), (e) and (h). Design 3: (c), (f) and (i).

The electric field, magnetic field and current distribution
at 868 MHz are shown in Fig. 6. It is found that from the
Design 1 to the design 3, the electric fields and magnetic fields
are raised and their distribution ranges are extended gradually
after adding the ‘arms’ and ‘circular end caps’and adjusting
loop and ‘arms’ sizes. In addition, it is found that after adding
arms and changing loop size, the overall fields and currents of
the Design 1, 2 and 3 get stronger. From the aforementioned
features, adjusting the loop and ‘arms’ can obtain required the
frequency and changing the size of the ‘circular end caps’ can
affect the radiation performance. Fig. 7 shows the radiation
patterns in the xoy cut for the three designs. The structure
of the Design 1 is only a loop which means the radiation

ability is weak. For increasing the radiation ability (realized
gain), the ’arms’ can be added into the structure as the Design
2 which also make an impact on the impedance. From the
current distribution as shown in Fig. 6, the realized gain of
the Design 3 is expected to be higher than that of the previous
designs. As shown in Fig. 7, the peak realized gain values
of the three designs are -10.86 dBi, -7.87 dBi and 1.09 dBi,
respectively. In addition, from the H-plane (yoz cut) as shown
in Fig. 7 (b), the proposed Design 3 has a dipole-like radiation
pattern as expected.

Fig. 7. Simulated normalized radiation patterns (normalized realized gain)
for the three progressive designs (a) xoy cut, (b) yoz cut.

IV. MANUFACTURE AND TEST

A. Embroidery Method

To embroider the patterns on the substrate (surgical masks),
a professional embroidery machine (Singer Futura XL-550) is
used. For the embroidery procedure as shown in Fig. 8, some
details need attention. First of all, after obtaining appropriate
designs in simulation software (ADS momentum, CST and
HFSS), the simulated models need to be exported to a type
of formats which can be converted with same size into the
related embroidery software. Secondly, the knit pattern size
and boundaries of the designs affected slightly by embroidery
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Fig. 8. Embroidery procedure.

modes in the embroidery software (EasyDesign EX4.0) need
to be adjusted carefully, which is a factor affecting real con-
ductivity of the conductive yarns. For the proposed designs, the
’satin fill’ mode in the embroidery software is adopted. Finally,
in the manufacturing process, the proposed yarn is utilized in
both sides of the substrate as the conductive yarn and support
yarn for reducing the influence from other dielectric yarns as
support yarn.

B. Impedance Tests

Fig. 9. Measurement setup for the impedance and reflection coefficients of the
embroidered designs. (a) Photograph of measurement setup, (b) Measurement
setup configuration.

For the measurements of the impedance and reflection coef-
ficients of the embroidered designs, the experimental setup is
shown in Fig. 9. As mentioned in section II, the common-earth
cables are added at the end of the two ports and the related
differential measurement method is used. Fig. 10 shows the
antenna impedance of the proposed simulated and measured
Design 3, including the resistance part and the reactance
part. It is found that the resistance parts are higher than 64
ohm and reactance parts are lower than 469 ohm. Certainly,
analyzing all of the results, the measured curves are close to
the simulated curves.

From equation 2, the reflection coefficient (S parameter)
can be calculated as shown in Fig. 11. It is found that the
|S11| of the measured Design 3 is -24 dB which is better
than the simulated results at 868 MHz. Note that the Design 3
have slight difference of the resonance frequency shift degrees
between the simulated and measured results (below 10 MHz).

Fig. 10. Simulated and measured impedance for the embroidered Design 3
(Dashed lines: required antenna complex impedance 64+i*469 ohm at 868
MHz).

In addition, the Design 3 have narrower bandwidths of about
than that of the simulated designs.

Fig. 11. Simulated and measured reflection coefficients for the embroidered
Design 3.

C. Read Range Tests

Considering the real use conditions of the proposed textile
UHF-RFID tag on surgical masks such as in the hospital
channels and rooms, the read range measurement setup is
shown in Fig. 12. The reader antenna (MT-242025/TRH/A/A)
can be controlled by the M6E Kit which is connected to a
laptop with control software. An inquiry signal with data and
clock can be adjusted by the software and sent by the reader
antenna. The proposed textile UHF-RFID antennas can send
a backscattered signal with data and clock after receiving the
inquiry signal. Note that backscattering coupling is a common
mode in UHF RFID and Radar areas. In detail, when an
electromagnetic wave encounters a space target, part of its
energy is absorbed by the target, while the other part is
scattered in various directions at different intensities. A portion
of the scattered energy is reflected back to the transmitting
antenna. [25]

When moving the proposed designs to a certain distance d
as shown in Fig. 12 (b), the signal transmission is expected to
be interrupted. This threshold distance is the maximum value
of the read range.

To avoid moving the designs holders frequently, a certain
distance is fixed (1 m) and then adjust the reader power to
obtain the read range. In addition, the simulated read range can
be calculated by the Friis Transmission Formula as follows,
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dmax =
λ

4π

√
PtGtGr · τ

Pth
(3)

where dmax is the maximum value of the read range, λ is
the wave length at 868 MHz, Pt is the power fed into the
reader antenna, Gt is the gain of the reader antenna (7 dBi),
Gr is the gain of the proposed antennas, τ is the largest
power transmission coefficient and Pth is the minimum wake-
up power of the chip (-10 dBm). In addition, the cable between
the reader antenna and the reader have a loss of 0.8 dB.

Fig. 12. Measurement setup for the read ranges of the embroidered designs.
(a) Photograph of measurement setup, (b) Measurement setup configuration.

For the proposed designs, the read ranges are detected as
shown in Table II. The maximum read range values of the
simulated Design 1, 2 and 3 are 1.1 m, 1.6 m and 4.1 m, re-
spectively, while that of the measured are 0.8 m, 1.3 m and 2.5
m, respectively. By analyzing the Friis Transmission Formula
3 and the proposed designs, the Pth of the chip (-10 dBm)
makes a big impact on the maximum read range, compared
to the two-pad chip (Monza R6) with the minimum wake-up
power of -20 dBm. In addition, the difference between the
simulated and measured results is caused by the silver-plated
yarns and the soft substrates. In details, the silver-plated yarns
are different with traditional copper line. The radiation ability
of the yarns cannot be totally same with simulation results. For
design 3, due to the soft masks, the ‘circular end caps’ has
slight shape change in embroidery procedure which make a
bigger difference between the simulated and measured results.

TABLE II
SIMULATED AND MEASURED MAXIMUM READ RANGE OF THE DESIGNS

(UNIT: M)

Type Design 1 Design 2 Design 3
Simulated dmax 1.1 1.6 4.1
Measured dmax 0.8 1.3 2.5

V. RELIABILITY VALIDATION

For textile UHF-RFID tags, reliability is an essential issue
due to the features of the textile materials. In this work,
considering the uses of surgical masks, the impact of bending
and use on body is expected to be validated. In addition, with
regard to the read range results at last section, the Design 3
is selected to be the final design which is tested for bending
and skin touching.

Fig. 13. Measurement setup for the impedance and reflection coefficients of
the embroidered designs. (a) Photograph of measurement setup, (b) Diagram
of the bending orientation.

A. Bending

The bending test setup is shown in Fig. 13 (a). Several
molds with different radius have been used for hold and keep
the proposed sample bent. Considering the use of surgical
masks, the bending orientation is fixed as shown in Fig. 13
(b). Note that the bending degree increases with decreasing
radius. Fig. 14 shows the measured antenna impedance curves
in different radius. From Fig. 14, the resistance values at 868
MHz are close with different radius while the reactance values
at 868 MHz increase with decreasing radius. In addition, the
reflection coefficient curves as shown in Fig. 15 have slight
resonance frequency shift degrees (all below 20 MHz) and
increasing |S11| values at 868 MHz with increasing bending
degree. In other words, after bending in certain degrees (radius:
33 mm to the flat), the proposed textile UHF-RFID tag can
still work well.

Fig. 14. Measured impedance in different bending degrees (Dashed lines:
required antenna complex impedance 64+i*469 ohm at 868 MHz).

Certainly, read range tests in different bending degrees are
still important and the test configuration is shown in Fig. 12.
Considering the real use of the proposed design is on face, the
bending radius close to face sizes (33 mm and 44 mm) are
chosen. The measured max values of the read ranges shown
in Table III are 2.5 m, 2.2 m and 1.7 m at flat, bending radius
33 mm and bending radius 44 mm, respectively. Note that
the measured max values are obtained by the proposed design
facing to the reader antenna as shown in Fig. 11. From the
results, increasing bending degrees (radius: flat to 33 mm)
cause a decrease in read ranges and the minimum read range
in bending is at least 1.7 m.
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Fig. 15. Measured reflection coefficients in different bending degrees.

TABLE III
MEASURED MAXIMUM READ RANGE OF THE DESIGN 3 IN BENDING

SITUATION (UNIT: M)

Type F lat Bending(0.044) Bending(0.033)
Measured dmax 2.5 2.2 1.7

B. Skin Contact

Fig. 16. Measurement setup for the impedance, reflection coefficients and
read ranges in different skin contact positions. (a) Sample touched on a hand,
(b) Sample worn on face, (c) Read range measurement

Skin contact test setup is shown in Fig. 16. The reflection
coefficient and read range measurements of the Design 3 are
operated when the sample is touched on a hand and worn on
face as shown in Fig. 16(a) (b) and (c), respectively. The first
application of surgical masks is to be worn on face, so the
samples tested in air or touched on hands are compared with
that worn on face. In general, the skin-contact performance is
limited by the resonance frequency shift and reduced radiation
efficiency due to the impedance change and power loss in the
human body, respectively.

As shown in Fig. 17, compared with the impedance in
air, the impedance on a hand has lower resistance part and

reactance part while that on face has higher both parts. In
addition, compared with the curves of the sample in air, the
reflection coefficient (|S11|) curves as shown in Fig. 18 on
a hand and face show the resonance frequencies are shifted
to 956 MHz and 813 MHz, respectively. However, when the
sample are on a hand and face, the values at 868 MHz are -13
dB and -13.5 dB, respectively.

Fig. 17. Measured impedance in different skin contact positions (Dashed
lines: required antenna complex impedance 64+i*469 ohm at 868 MHz).

Fig. 18. Measured reflection coefficients in different skin contact positions.

TABLE IV
MEASURED MAXIMUM READ RANGE OF THE DESIGN 3 IN DIFFERENT

SKIN CONTACT POSITIONS(UNIT: M)

Type InAir On a Hand On face
Measured dmax 2.5 0.8 1.1

Read range tests in different situations are necessary and the
results are shown in Table IV.The measured max values of the
read ranges shown in Table IV are 2.5 m, 0.8 m and 1.1 m in
air, on hand and on face, respectively. From the results, skin
contact causes a decrease in read ranges and the minimum
read range (1.1 m) when used on face proves that Design 3
can be effectively worn.
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VI. CONCLUSION

To conclude, the progressive designs of textile UHF-RFID
antennas on surgical masks are developed and one of them
(Design 3) is selected to be validated by reliability tests
(bending and skin contact). To explore the possibility and
reliability of the function-extensible IC chips for textile UHF-
RFID sensors, an IC chip (Rocky 100) with lower sensitivity
(-10 dBm) than that of the popular chip (Monza R6, -20 dBm)
is used in the designs. The simulated and measured resonance
curves of the designs all match well (all below -20 dB at
868 MHz) and the radiation performance (realized gain) are
improved progressively (maximum values: -10.86 dBi, -7.87
dBi and 1.09 dBi). After comparing the three progressive
designs, the best type (Design 3) is selected and its read ranges
measured by RFID reader (M6e kit) can reach 2.5 m in air.
In addition, the necessary reliability validation measurements
(bending and skin contact) are performed. From the results,
the resonance frequency shift degrees are slightly different (all
below 20 MHz) under different bending degrees (radius: 33
mm to flat) while heavily distinguishing on a hand (88 MHz)
or face (55 MHz), but the values of reflection coefficients at
868 MHz all are below -10 dB. The maximum read range can
reach 1.1 m on face. As a result, the proposed Design 3 has
common use as an ID tag for tracking or safe distance alert
in the epidemic situation but for the used function-extensible
chip, the design can extend many different types of textile
sensors for various application scenarios in the future.
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