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Abstract. With the trend of textile antennas development, Ultra High Frequency

(UHF, 865-868 MHz) Radio Frequency Identification (RFID) devices using textile

materials are expected to be developed in many areas for replacing or simplifying

some complex RFID devices on a PCB. In this paper, we present a textile UHF-RFID

tag with two sensing positions (’radiation parts’ and ’loop part’) for exploring the

feasibility of sucrose solutions measurements and the relationship between variables of

the proposed design and the sucrose solutions. The simulated and measured resonance

curves of the designs both match well (-20 dB in the simulation and -15.8 dB in the

measurement at 868 MHz) and the read range measured by the RFID reader (M6e kit)

is 1.71 m in air. Before the tests by the solutions on the proposed designs, a test board

is developed as a preparation work for confirming the relative dielectric constants of the

sensing substrate area in the real measurements. Compare the results of the simulation

and the real tests, the proposed design shows good feasibility by comparing the

simulated and measured results in confirmed relative dielectric constants. Moreover,

its two sensing positions have different sensing features. The sensing ’radiation parts’

position shows a stable frequency operation performance but sensing range is from 1.71

m (dry) to 2.3 m, while the sensing ’loop part’ position has a wide sensing range from

0.4 m to 1.71 m (dry) but a lower frequency operation performance.

Keywords: textile, Radio Frequency Identification (RFID), Utral High (UHF) frequency,

sucrose solution, concentration, read range, relative dielectric constant

1. 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 [21]. Most of

them with popular integrated circuit (IC) chips are developed on a hard or flexible

Printed Circuit Board (PCB). Due to the physical features of the commercial PCBs,

most of RFID tags on a PCB are used as a ID tag, while when for sensing applications
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they are normally designed to connect to specifical sensors [6]. In addition, for

sensing applications, RFID sensors on a PCB are often used in common fields such

as temperature monitoring [7], brightness detection [8] and pressure measurements [9].

In order to expand application fields, some studies focused on RFID tags with chemical

sensors [10][11], providing researchers more inspiration to explore the RFID technology

on others materials with the similar features of physical or chemical sensors.

In recent years, textile materials are obtaining more attention due to its special

features such as flexibility, hygroscopicity and comfort according to the aforementioned

background. Current RFID antenna designs deployed on textile materials involve two

main approaches, one of which is a copper-based RFID antenna printed on a textile

substrate [12][13][14][15], another of which is the metal-plated yarns sewed on a textile

substrate [16][17][18][19]. Some of them focus on feasibility [13][14][15], reliability

[17][18][19] and common applications such as tracking [16]. Especially for the work

[12], the design is based on a copper antenna and a polyimide substrate which is applied

for sensing solutions in the liquid through sensitivity (read power) of the RFID tag as

the sensing parameter. It is a good idea and deserved to be referred for some RFID

antenna sensor designs based on complete textile materials which offer the advantage of

being more sensitive to liquids due to the conductive yarns in comparison with normal

copper designs. Moreover, some works [18][19] are based on NFC technology operating

at 13.5 MHz, which mainly uses capacitive or inductive coupling ways for sensing and is

different with UHF-RFID technology based on backscattering [20]. Compared with the

common Ultra High Frequency (UHF, 865-868 MHz) RFID tags and sensors on a PCB,

the majority of textile UHF-RFID tags and sensors are embroidered by conductive yarns

on textile substrates [20][22], which is more different than the copper on PCB. On the one

hand, the textile tags can be deployed on common clothes which are more comfortable

and lighter than those based on PCB inserted into clothes. On the other hand, the

conductive yarns and textile substrates are sensitive to the environmental factors such

as humidity [23], temperature, bending and washing [24][25]. As a result, textile UHF-

RFID sensors can be explored to replace or simplify some complex or expensive UHF-

RFID sensors on the PCB.

Comparing with some studies using chemical sensors on a PCB for the target of

wireless sweat-based monitoring [26], some textile materials with better hygroscopicity

are expected to reach same target by supporting conductive-yarns-plated UHF-RFID

tags. In addition, based on our previous study on solutions sensing [27], the textile

UHF-RFID sensor based on only tags is promising to be explored gradually.

In this paper, the textile UHF-RFID tag with two sensing positions (’radiation

parts’ and ’loop part’) is proposed for sucrose solution measurements. Considering

the possibility of expending future sensing applications, the function-extensible IC chip

(ROCKY 100) is used in the proposed design. Before the tests on proposed textile

UHF-RFID sensor, a test board is developed in the preparation work for confirming

the relative dielectric constants of the sensing substrate area in the real measurements.

The fundamental resonance analysis for the simulated and measurements is performed.
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Then in order to explore the relationship between variables of the proposed design and

the sucrose solutions, two sensing positions are used to absorb the sucrose solutions

with different levels of concentration. Then the read ranges of the design in different

situations are tested by a RFID reader (M6e Kit) and analyzed combined with simulated

results after obtaining the real relative dielectric constants of the sucrose solutions by

the preparation work.

2. Design and Related Details

2.1. Structure of the proposed textile UHF-RFID antenna

Figure 1. Geometry and configuration of the proposed design. (a) simulated design

diagram, (b) embroidered pattern diagram, (c) photograph of the proposed design

The geometry and configuration of the proposed textile UHF-RFID antenna sensor

are shown in Fig. 1.The design mainly consists of two parts which are the ’loop part’

for impedance match and the ’radiation parts’ for improving the transmit-receive ability

as shown in Fig. 1 (c). In Fig. 1 (a), the simulated design is presented and related

size parameters are detailed in Table. 1. Note that when the design is embroidered by

specific machines, the embroidery pattern makes certain influence on the impedance of

the textile UHF-RFID antenna. As a result, the proposed design is converted to an

embroidery pattern by ’satin fill’ mode as shown in Fig. 1 (b).

In addition, for the UHF-RFID integrated circuit (IC) chip, a ROCKY 100 is

selected due to its function-extensible feature. Comparing with some popular chips

for textile RFID tags such as Monza R6, the ROCKY 100 can extend functions by

connecting to various sensors. Certainly, in this paper, the proposed textile UHF-

RFID tag is explored to be an antenna sensor without sensors expansion. The complex

impedance of the used chip (ROCKY 100) is 64-i*469 ohm and the minimum wake-up

power is -10 dB. For conjugate matching, the impedance of the feed port in simulation

software needs to be set as 64+i*469 ohm.

2.2. Materials

The proposed textile UHF-RFID antenna sensor is embroidered using conductive yarns

as the antenna sensor and polyester fibers as the substrate. The textile material of the
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Table 1. Size parameters of the design (Unit: mm)

Parameter L1 L2 W1 T1 R1 R2

V alue 23 14.5 18 2 4 10

Figure 2. Substrate parameters measurements. (a) Permittivity and loss tangent

measurements, (b) Thickness measurement.

antenna is a commercial conductive twisted yarn (Shieldex 117/17 dtex 2-ply) made

of 99% pure silver-plated Nylon. Note that in order to reduce the impact from the

difference between the pure silver and the real silver-plated Nylon[28][29], the most

closed bulk conductivity of the yarns is redefined as 11500 siemens/m in the simulation

software.

Moreover, the polyester [30] is selected as the substrate due to its better

hygroscopicity. Its relative dielectric constant and loss tangent in a dry situation are

1.24 and 0.000163, respectively, measured by a Microwave Frequency Q-Meter as shown

in Figure 2 (a). On the other hand, its thickness is 0.62 mm measured by an Electronics

Outside Micrometer (132-01-040A) as shown in Figure 2 (b).

Considering the textile materials have the special feature (better hygroscopicity

than PCBs), the solutions in different levels of concentration are expected to make an

impact on substrate performance. In next section, this impact is evaluated.

3. Tests and Achieved Results

Resistance and reactance curves for antennas have bigger slopes in the curve-rising stage,

which means the resistance and reactance values change sensitively. Hence, when the

design is used to absorb certain solutions causing change of substrate εr, some electrical

properties such as the resonance frequency and read range are expected to change. In

this section, the related tests are done for exploring the viability of the prototype as a

sensor and relationship between variables.

The measurement procedures of the whole work are divided into two parts linked

by the special ‘medium’ as shown in Fig. 3. The first part is the preparation

test and the second part is the UHF-RFID antenna sensor test. In detail, a simple

capacitive structure is developed by means of simulation software and embroidered by
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the aforementioned embroidery machine. The S-parameter curves of the simulation

and the real measurements are expected to be matched to obtain the corresponding

values of εr as the fitting parameter. The obtained values εr related to the solution

concentration are used in the UHF-RFID sensor simulation of the second part and then

the simulated results are compared with the measured results to confirm the feasibility

of the measurement method by the textile UHF-RFID sensors. Note that the εr is the

bridge or medium to connect the first and second parts as shown in Fig. 3.

Figure 3. Measurement procedures of the whole work

3.1. Preparation Test

Figure 4. Geometry and configuration of the test board. (a) simulated test board

diagram, (b) photograph of the test board

In order to confirm the real relative dielectric constants of the sensing areas of the

proposed design in different situations for validating the feasibility to be a wireless sensor

for the concentration measurement of sucrose solutions, a preparation test is conducted

in this section.

As shown in Fig. 4, the same textile-based test board is designed by a professional

embroidery machine (Singer Futura XL-550) to measure the real relative dielectric

constants of the sensing areas with the sucrose solutions [32] in the different levels

of concentration. The Fig. 4 (a) depicts the simulated test board model which is
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Table 2. Size parameters of the test board (Unit: mm)

Parameter Lt1 Lt2 Tt1 Tt2

V alue 44 12 2 2

embroidered by the mentioned method as shown in Fig. 4 (b). In addition, the related

size parameters are given in the Table. 2.

Moreover, the sucrose solutions are prepared by distilled water and sucrose (0, 125

mg/dl and 250 mg/dl). In order to obtain the sucrose solutions with different levels of

concentration, accurate weighing is done for the sucrose by a precise balance (PCE-BS

300).

Figure 5. Measurement setup for the preparation test. (a) Photograph of

measurement setup, (b) Measurement setup configuration.

The measurement setup for the preparation test is shown in Fig. 5 and the test

procedure is listed as follows,

(i) Connect the two ports of the test board to the Microwave Analyzer N9916A as

shown in Figure 5 (a), and save the reflection coefficients of the test board in dry

conditions.

(ii) Compare the saved data from first step with the simulated curves of the test board

model and confirm the both are matched.

(iii) Drop the sucrose solutions in different levels of concentration (0, 125 mg/dl and

250 mg/dl) onto the sensing position of the test board, and save the reflection

coefficients in each situation.

(iv) Adjust the relative dielectric constants of the sensing area in the simulation software

to find the matched curves with the measured curves. The corresponding relative

dielectric constants are closed to the real relative dielectric constants of the sensing

substrate area in the real measurements.

By the above test procedure, the test results are shown in Fig. 6 and Fig. 7. From

the experimental results, the relative dielectric constants of the sensing substrate area

tuned to 62.24, 23.24 and 10.24 for 0, 125 mg/dl and 250 mg/dl, respectively. Therefore,
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Figure 6. Simulated and measured |S12| of the test board for measuring the relative

dielectric constant of the tested position with solutions.

Figure 7. Simulated and measured |S11| of the test board for measuring the relative

dielectric constant of the tested position with solutions.

the obtained relative dielectric constants can be used for the proposed design in next

sensing tests.

3.2. Resonance analysis

Fig. 8 shows the simulated and measured reflection coefficients (|S11|) of the embroidered

UHF-RFID antenna, in which the measured curve is obtained by Microwave Analyzer

N9916A with ’port extension’ function. The simulated |S11| reaches -22 dB at resonance



Author guidelines for IOP Publishing journals in LATEX2ε 8

Figure 8. Simulated and measured reflection coefficients of the embroidered designs

in a dry condition.

frequency 868 MHz and the bandwidth under -10 dB is 337 MHz from 646 MHz to 983

MHz. Comparing with the simulated result, the measured |S11| is a little different,

which shows -15.8 dB at 868 MHz and 170 MHz of the bandwidth from 782 MHz to 952

MHz. From the results, the design can work at targeted ultra high resonance frequency

(868 MHz).

3.3. Tests under sucrose solutions in different levels of concentration

Considering the specifical features of the proposed textile UHF-RFID tag such as the

sensitive impedance change and the better substrate hygroscopicity than that of a

common PCB,the sucrose solution for the proposed textile UHF-RFID tag is selected to

explore the possibility as a sensor and the relationship between the concentration and

the read ranges. For the proposed design, there are two positions selected as the sensing

areas, the ’radiation parts’ and the ’loop part’ as shown in Fig. 1 (c). The two positions

are analyzed with respect to the Friis Transmission Formula as follows [13][31],

dmax =
λ

4π

√
PtGtGr · τ

Pth

(1)

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, 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.

From the equation 1, the maximum value of the read range (dmax) can be affected by

the gain of the proposed antenna (Gr) and the largest power transmission coefficient (τ).

Therefore, the ’radiation parts’ and the ’loop part’ related to the Gr and τ , respectively,
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are good choices. When the solutions with different levels of concentration are dropped

on the sensing areas, the relative dielectric constants of the sensing areas are expected

to change. The measured relative dielectric constants of the sensing area in different

levels of concentration are confirmed in the preparation test above.

· Tests at the ’radiation parts’ position

The reflection coefficients (|S11|) are simulated by sweeping the relative dielectric

constant of the substrate at only the ’radiation parts’ and the results at εr=1.24 (dry),

εr=10.24 (250 mg/dl), εr=23.24 (125 mg/dl) and εr=62.24 (0 mg/dl) are selected to

compare with the real measurement results.

Figure 9. Simulated reflection coefficients of the proposed design with different

relative dielectric constants at two ’radiation parts’ positions.

Figure 10. Simulated realized gain at 868 MHz of the proposed design with different

relative dielectric constants at the two ’radiation parts’ positions.

As shown in Fig. 9, all |S11| curves are close, which means when using ’radiation
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parts’ to measure the sucrose solutions, the resonance frequency is expected to be stable.

Meanwhile, as shown in Fig. 10, the realized gain curve including all situations (εr:

10.24, 23.24 and 62.24) shows an increase in the target concentration range from 0 to

250 mg/dl. In addition, the realized gain in a dry situation (εr: 1.24) reaches 0.9 dBi,

which means comparing to the results in wet situations the realized gain is expected to

increase when sensing the solutions.

Figure 11. Measurement setup for the read ranges of the embroidered designs when

sensing solutions. (a) Photograph of measurement setup, (b) Measurement setup

configuration

According to equation 1, the maximum read range is related to the six factors

including λ, Pt, Gt, Gr, τ and Pth. There are four of them (λ, Pt, Gt and Pth) which are

determined by the resonance frequency (868 MHz in the work), EIRP (Europe, PtGt=2

W), RFID IC chip (Rocky 100 in the work, Pth=-10 dBm). However, the Gr, τ are

determined by the UHF-RFID antenna.

When the match situations (τ)are close as shown in Fig. 9, the simulated read

range curve has a linear relationship with the square root of simulated realized gain

(liner values not dB value) as Equation 2 shows,

dmax ∝
√

Gr (2)

Table 3. Tests and validation results on ’radiation parts’

Test Points V alidation Points

Concentration (mg/dl) 0 125 250 75 175

Read Power 1st (dBm) 12.1 11 10.5 11.3 10.8

Read Power 2nd (dBm) 12.1 10.9 10.6 11.4 10.8

Read Power 3rd (dBm) 11.9 11.1 10.4 11.3 10.7

Read Power 4th (dBm) 12 11 10.5 11.3 10.8

Average Read Power (dBm) 12 11 10.5 11.3 10.8

Read Range (m) 1.926 2.161 2.289 2.087 2.211

In order to validate the trend and explore the sensing ability, the real design

embroidered by the same embroidery mode with the test board (’satin fill’) is tested
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Figure 12. Measured read range at 868 MHz of the proposed design dropped by

sucrose solutions at the ’radiation parts’.

Table 4. Error between the measured validation points and the fitting curves

Read Range (m)
Concentration (mg/dl)

75 175

V alidation Points 2.087 2.211

Linear F it 2.071 2.216

|Error| 0.016 0.005

by sucrose solutions in different levels of concentration (0, 125 mg/dl and 250 mg/dl) at

the ’radiation parts’. The read range can be measured by a RFID reader with a reader

antenna (MT-242025/TRH/A/A) controlled by the M6E Kit as shown in Fig. 11.

The tests on ‘radiation parts’ as shown in Fig. 11 are conducted for 4 times and

final read powers are obtained by calculating average value as shown in Table 3. Note

that the distance between the design and the read antenna is set to 0.35 m and the read

range can be calculated by using the Equation 1.

To explore the trend of the real read range, the linear fit is adopted. In addition, in

order to validate the trend of the measurement curve, the solutions in the concentration

of 75 mg/dl and 175 mg/dl are detected. All the results are shown in Fig. 12.

As shown in Fig. 12, the measured read range rises as the concentration goes up,

but all the values in wet situations are higher than that when the sensing position is

dry. Note that the relative dielectric constants of the sucrose solution decrease as the

levels of concentration increase[32][33]. The measured validation points are close to the

fitting curve as shown in Table 4, which confirm the feasibility and availability of the

measurement curves and method. In addition, by comparing the two figures, Fig. 10

and Fig. 12, the measured results trend that all the values in wet situations are higher
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than that in dry situation match with the trend of the simulated realized gain curve.

· Tests at the ’loop part’ position

The same tests are conducted on the ’loop part’. As shown in Fig. 13, the

resonance frequency shift left gradually as the relative dielectric constants (εr) increase

continuously. However, only the curves whose (εr) is below 23.24 have the |S11| below
-10 dB at 868 MHz. In other words, when using ’loop part’ to measure the sucrose

solutions, the performance of the textile UHF-RFID antenna sensor decreases as the

levels of concentration are fairly low. Meanwhile, as shown in Fig. 14, the realized gain

curve including all situations (εr: 10.24, 23.24 and 62.24) shows an continuous decease

in the target concentration range from 0 to 250 mg/dl.

Figure 13. Simulated reflection coefficients of the proposed design with different

relative dielectric constants at the ’loop part’.

As aforementioned, the Gr, τ are determined by the UHF-RFID antenna, one of

which in this situation, τ , can be calculated by Equation 3,

τ =
4RantRic

(|Zant + Zic)2
(3)

where Rant is the resistant part of the antenna impedance, Ric is the resistant part of

the IC chip impedance, Zant is the antenna impedance and Zic is the IC chip impedance.

When λ, Pt, Gt and Pth are determined, the relationship between the maximum read

range and the antenna is obtained as Equation 4 shows,

By calculation, the results can be obtained as shown in the Table 5,

dmax ∝
√

Gr · τ (4)
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Figure 14. Simulated realized gain at 868 MHz of the proposed design with different

relative dielectric constants at the ’loop part’.

Table 5. Realized gain data and calculated results

εr 10.24 23.24 62.24

Grdbi/DBi 1.8472 2.6324 6.0251

Gr(linear value) 1.5301 1.8333 4.0041

τ 0.8126 0.6354 0.2043√
Gr ·

√
τ 1.115 1.0793 0.9045

Figure 15. Measured read range at 868 MHz of the proposed design dropped by

sucrose solutions at the ’loop part’.
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Table 6. Tests and validation results on ’loop part’

Test Points V alidation Points

Concentration (mg/dl) 0 125 250 75 175

Read Power 1st (dBm) 27 22.3 20.1 24.1 21.3

Read Power 2nd (dBm) 27.2 22.1 19.9 24 21.3

Read Power 3rd (dBm) 27.1 22.4 19.8 24.2 21.1

Read Power 4th (dBm) 26.8 22.3 20 24.1 21.2

Average Read Power (dBm) 27 22.3 20 24.1 21.2

Read Range (m) 0.3424 0.5365 0.766 0.4782 0.6677

Table 7. Error between the measured validation points and the fitting curves

Read Range (m)
Concentration (mg/dl)

75 175

V alidation Points 0.4782 0.6677

Linear F it 0.4806 0.6496

|Error| 0.0024 0.0181

The read range of the real embroidered design is also tested by sucrose solutions

in different levels of concentration (0, 125 mg/dl and 250 mg/dl) at the ’loop part’ and

measured by the RFID reader. As shown in Fig. 15, the measured read range rises as

the concentration goes up, but all the values in wet situations are lower more than that

when the sensing position is dry.

The tests on ‘loop part’ as shown in Fig. 11 are conducted for 4 times and final

read powers are obtained by calculating the average value as shown in Table 6. Note

that the certain distance between the design and the read antenna is set to 0.35 m and

the read range can be calculated by using the Equation 1.

To explore the trend of the real read range, the linear fit is adopted. In addition, in

order to validate the trend of the measurement curve, the solutions in the concentration

of 75 mg/dl and 175 mg/dl are detected. All the results are shown in Fig. 15. Moreover,

the measured validation points are close to the fitting curve as shown in Table. 7, which

confirm the feasibility and availability of the measurement curves and method.

In addition, by comparing the Table 5 and Fig. 15, the measured results that all the

values in wet situations are lower than that in dry situation match with the simulated

results. The reason for the opposite trends of the realized gain curve and the read range

curve is that the shifting resonance frequency (different match situations) presents a

bigger influence on the read range than the affecting factor from the realized gain.

Moreover, by analyzing the curves with the relative dielectric constants (10.24, 23.24

and 62.24) in Fig. 10 and Fig. 14 compared with the measured read range results in Fig.

12 and Fig. 15, the trends in real measurements are matched with the simulated trends

and the sensing feasibility of the proposed textile UHF-RFID antenna is confirmed.
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The proposed textile UHF-RFID antenna sensor has the feasibility to be a wireless

sensor for the concentration measurement of sucrose solutions. In addition, another

novel point is that the proposed design has two sensing positions, the ’radiation parts’

and the ’loop part’. The two sensing positions have different advantages, one of which

(’radiation parts’) have a stable operation performance but sensing range is from 1.71 m

(dry) to 2.3 m (current measured solutions), while another of which (’loop part’) have

a wide sensing range from 0.4 m (current measured solutions) to 1.71 m (dry) but a

lower operation performance. The two choices can be adopted with respect to different

applications.

4. Conclusion

To conclude, a textile UHF-RFID antenna sensor with the two sensing positions

(’radiation parts’ and ’loop part’) is developed. To explore the possibility for textile

UHF-RFID tag as a sensor and relationship between variables, the proposed design has

been tested by sucrose solutions in different levels of concentration (0, 125 mg/dl and

250 mg/dl) comparing with the dry situation. Before the tests on the proposed design,

the test board is developed in the preparation work for confirming the relative dielectric

constants of the sensing substrate area in the real measurements (62.24, 23.24 and 10.24

for 0, 125 mg/dl and 250 mg/dl, respectively). The simulated and measured resonance

curves of the proposed designs both match well (-20 dB in the simulation and -15.8 dB

in the measurement at 868 MHz) and the read range measured by the RFID reader (M6e

kit) is 1.71 m in air. After simulation and real tests, the proposed design used for sensing

the sucrose solutions shows good feasibility by comparing the simulated and measured

results. Moreover, its two sensing positions have different sensing features. The sensing

’radiation parts’ shows a stable frequency operation performance but sensing range is

from 1.71 m (dry) to 2.3 m (current measured solutions), while the sensing ’loop part’

have a wide sensing range from 0.4 m (current measured solutions) to 1.71 m (dry) but

a lower frequency operation performance. The sensing features give future complete

application two choices.
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