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GHz. The RFID tag structure consists of several meander line radiators. The structure of
Available online 9 June 2024

the meandered line radiator is attached to the cotton and jeans fabric. A monostatic
radar system which consists of a Vector Network Analyzer and a horn antenna is
configured to test the RFID tag in real life. The performances of RFID tags are evaluated
in terms of the reflection coefficient (S11) and their operating frequency. The results will
Keywords: be guidelines while designing RFID tag structures for wearable application systems in
RFID; tag structure; wearable the future.

1. Introduction

Nowadays, the RFID system is broadly used in human applications from simple applications to
advance tracking applications [1,2]. The RFID technology is based on the idea of using the incoming
electromagnetic field to power up the necessary circuitry of an RFID transponder (or an RFID tag) and
the communication is performed by modulating the backscattered signal. This idea allows the RFID
tag to operate passively, based solely on the ambient electromagnetic energy provided by an RFID
reader. Furthermore, Radio Frequency Identification (RFID) is a technology that has inherent
benefits, such as successor to the technology of the bar code, wireless to communication, small size,
light, inexpensive tags and brings many conveniences for people [3]. In addition, this technology can
allow the integration of antenna with clothes.

The demand of consumer needs to use light, a thin and small item in their daily life as to bring it
anywhere concurrently easier to attach to their body. Thus, the RFID tag is also required in small size,
thin, and light, but mostly operates in single band frequency with a limit frequency. RFID can be used
in a variety of applications, such as access management, tracking of persons and animals, toll
collection and contactless payment, airport baggage tracking logistics, tracking, and billing processes,
and others [4-16].
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Based on the previous research in Abdullah et al., [17] and Abdullah et al., [18], the RFID tag
structure has been designed in the shape of square and hexagonal to operate at frequencies 1.0GHz
to 12GHz. Another RFID tag structure is also designed which is an octagonal shape. Therefore, the
comparisons of the RFID tag structure are analyzed in this article. The RFID tags have been designed
in a small size (5cm to 6cm). The structure of the RFID tag is attached to cotton or jeans fabric. The
RFID tag performances are evaluated in terms of operating frequency and reflection coefficients.

2. Comparisons of RFID Tag Structure

The RFID tag comprises a single metallic layer and a single substrate layer. A copper with 0.036
mm thickness is used as a metallic layer and it is printed on surfaces of the dielectric substrate. The
dielectric constant is designed to operate at 2.40 GHz in a free-space environment. Generally, the
size of the tag is 60 mm x 60 mm x 1.6 mm. The radiating element of the tag consists of a dimension
curve with unique identification. For this project, the RFID tag is designed and attached to cotton or
jeans fabric. Table 1 shows the material and parameter value for both fabrics.

Table 1

RFID Tags Configuration Parameters

Material type Parameter Value
Copper Conductivity 5.96 x 10
Cotton Dielectric constant 1.6
Jeans Loss tangent 0.04

Figure 1(a) represents the RFID tag square shape structure with 6 slots nested loops that give the
unique ID of 111111. The RFID tag is designed with 1 slot up to 6 slots nested loops in its substrate.
Each slot has a width of 2 mm. The removed nested slot represents their unique ID as 0. Figure 1(b)
shows the RFID tag of the hexagon shape with the unique ID of 101010 while Figure 1(c) shows the
RFID tag of the octagon shape with the unique ID of 111110. The outer slot is considered the biggest
slot, whilst the near origin point of the shaped patch becomes smaller.

(a) (b) (c)
Fig. 1. Comparison of RFID tag structure: (a) Square shape (b) Hexagonal shape
(c) Octagonal shape

3. Comparisons of RFID Tag Performances

In this project, the monostatic radar system is used to detect and read the unique identification
of the RFID tag. Each RFID tag has its own unique identification or spectral signature. Due to the use
of the monostatic radar system, the unique identification or spectral signature of the RFID tag can be
represented by the reflection coefficient (S11) in CST Microwave Studio. The RFID tag uses a
communication method called backscatter. The RFID tag will reflect the signal of the reader backward
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and modulate the signal to transmit data. The parameter of reflection coefficient (S11) is used in CST
Microwave Studio to represent the spectral signature of each proposed tag.

3.1 RFID Tag Structure of Square Shape

The RFID tag for wearable application systems is analysed based on the operating frequency and
reflection coefficient. The unique identification (ID) or spectral signature of the RFID tag is
represented by the reflection coefficient, S11 as the use of a monostatic radar system. The RFID tag
uses a communication technique called backscatter. For this technique, the signal of the reader
backward will be reflected and then modulate the signal to transmit data. The spectral signature of
the RFID tag is represented by a parameter of Si11. Table 2 shows the RFID tag structure of a square
shape with three different slot resonators nested attached to the jean’s fabric. The ID of the RFID tag
is generated by the presence of the slot resonator.

Table 2
The RFID tag structure of square shape with three different numbers of slot resonators nested
RFID Tag Structure Reflection Coefficient, S11
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As analyzed in Table 2, each different number of slot resonator has its own unique spectral
signature as represented by S11. The presents of slots will be represented as bit ‘1’, while the removal
or not the presence of the slot resonator is stated as a bit ‘0’. The most outer slot resonator is
considered the first slot resonator which can be operated at the lowest frequency. Meanwhile, the
inner slot resonator is introduced as the last slot resonator that operates at the highest frequency.
The ID for one, two, and three slots presented is known as 100, 110, and 111. Based on the results,
the ID of the RFID tag is dependent on how many slot resonators are implemented. For the ID of 100,
the operating frequency is 1.40 GHz and 2.35 GHz. For the ID of 110, the operating frequency is 1.6
GHz, 2.30 GHz, and 3.10 GHz. As mentioned previously, the operating frequency also depends on the
number of lot resonators on the RFID tag structure.

3.2 RFID Tag Structure of Hexagonal Shape

Table 3 illustrates a hexagon design of an RFID tag with the different number of slot resonators
nested in it and their S-parameter graph. Like before, the RFID tag performance is evaluated using
the reflection coefficient, S11. Based on the analysis of the reflection coefficient, Si1, the spectral
signature of the RFID tag is represented by its unique identification.

Table 3

The RFID tag structure of hexagonal shape with three different numbers of slot
resonators nested

RFID Tag Structure Reflection Coefficient, Si1

S-Parameters [Magntude n dB]

(a) ID: 100 s 1 N

(b) ID: 110 | , \
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S-Parameters [Magntude n dB]

(c)ID: 111

L ’ ; ; l:‘l I.I 2
Frequency / GHz _

According to the results, the RFID tag is tuned at operating frequencies 1.43 GHz and 2.20 GHz as
the one slot resonator is added and the unique identification (ID) namely 100. While the 2" resonator
is applied, the tag is tuned at operating frequencies 1.55 GHz, 2.07 GHz, and 2.87 GHz. The unique
identification (ID) namely as 110. The 3™ RFID tag has 3 slot resonators within it and the tag is
operated at 1.55 GHz, 2.07 GHz, and 2.87 GHz. Based on the analysis, each addition of slot resonators
is generating another operating frequency. Like the previous simulation, the existing slot is
representing ‘1’ for a unique identification number. The elimination of the slot is representing ‘0’ for
a unique identification number.

3.3 RFID Tag Structure of Octagonal Shape
The results of the reflection coefficient of the RFID tag with an octagonal shape are shown in

Table 4. The tag is attached to the cotton fabric as the substrate material. A different ID is generated
for a different number of added resonator slots.

Table 4
The RFID tag structure of octagonal shape with three different slot resonators nested
The RFID Tag Structure Reflection Coefficient, S11
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S-Parameters [Magntude n dB]

(c) ID: 111

Frequency / GHz —

The presence of one slot radiator with an octagonal shape tuned the operating frequency at 2.07
GHz along a reflection coefficient of -15.236 dB. The unique identification of the tag structure is
named 100. While adding another slot resonator, the operating frequency is tuned to two
frequencies which are 2.08 GHz and 2.47 GHz along with reflection coefficients of -14.043 dB and -
21.089 dB. The unique identification of the tag structure is named 110. As the 3-slot resonator is
added, the operating frequency is tuned to three frequencies which are 2.08 GHz, 2.47 GHz, and 3.04
GHz along with reflection coefficients of -14.698 dB, -21.089 dB, and -22.697 dB. The unique
identification of the tag structure is named 111.

4. Analysis Results of Three Shapes of RFID Tag Structure

There are three patterns shape that has been designed for RFID tag structure. The result of the
reflection coefficient for different shape designs is below -10 dB. The most outer slot resonator is
considered the first slot resonator which can be operated at the lowest frequency. Meanwhile, the
inner slot resonator is introduced as the last slot resonator that operates at the highest frequency.
The ID for one, two, and three slots presented is known as 100, 110, and 111. Based on the analysis,
all the tag structure provides almost similar performances in terms of operating frequency and
reflection coefficient. As the slot resonant is added to the tag structure, the new operating frequency
is generated. The shape and substrates do not influence the RFID tag performance.

5. Conclusion

The RFID tag for wearable application systems is successfully designed at the frequency of 1.00
GHz - 12.00 GHz for three shape structures which are pentagonal, hexagonal, and octagonal. Based
on the simulated results, the different number of slot resonators of RFID tags is having different
spectral signatures within the desired frequency which can be used as its unique identification.
However, all the tag structure provides almost similar performances in terms of operating frequency
and reflection coefficient although there have different shape structure and substrates. The results
of the simulation can be a guideline while designing RFID tag structures in the future.

Acknowledgment

The author thanks Universiti Malaysia Perlis (UniMAP) for the funding and support of the research
work under the Research Materials Fund (RESMATE), 9001-00627. The members of Faculty of
Electronic Engineering Technology, UniMAP are also special thanks for their help and kindness.

176



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 46, Issue 2 (2025) 171-177

References

(1]

(2]
(3]

(4]

(5]

(6]
(7]
(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

Virkki, Johanna, Zhigang Wei, Aruhan Liu, Leena Ukkonen, and Toni Bjérninen. "Wearable passive E-textile UHF
RFID tag based on a slotted patch antenna with sewn ground and microchip interconnections." International
Journal of Antennas and Propagation 2017 (2017). https://doi.org/10.1155/2017/3476017

Wang, Bing. "A compact antenna design for UHF RFID applications." Progress In Electromagnetics Research Letters
53 (2015): 83-88. https://doi.org/10.2528/PIERL15032403

Jusoh, W. W. |. Wan, K. A. Mohd Annuar, S. H. Johari, I. M. Saadon, and M. H. Harun. "Motorcycle security system
using GSM and RFID." Journal of Advanced Research in Applied Mechanics 16, no. 1 (2015): 1-9.

Colella, R., and L. Catarinucci. "Wearable UHF RFID sensor tag in 3D-printing technology for body temperature
monitoring." In 2018 2nd URSI Atlantic Radio Science Meeting (AT-RASC), pp. 1-4. IEEE, 2018.
https://doi.org/10.23919/URSI-AT-RASC.2018.8471562

Mumtaz, Maleeha, Syeda Fatima Amber, Asma Ejaz, Ayesha Habib, Syeda Irum Jafri, and Yasar Amin. "Design and
analysis of C shaped chipless RFID tag." In 2017 International Symposium on Wireless Systems and Networks
(ISWSN), pp. 1-5. IEEE, 2017. https://doi.org/10.1109/ISWSN.2017.8250009

Amin, Emran Md, Jhantu Kumar Saha, and Nemai Chandra Karmakar. "Smart sensing materials for low-cost chipless
RFID sensor." IEEE Sensors Journal 14, no. 7 (2014): 2198-2207. https://doi.org/10.1109/JSEN.2014.2318056
Kannan, P. Muthu, and V. Palanisamy. "Dual band rectangular patch wearable antenna on jeans material."
International Journal of Engineering and Technology 3, no. 6 (2012): 442-446.

Nayak, Rajkishore, Amanpreet Singh, Rajiv Padhye, and Lijing Wang. "RFID in textile and clothing manufacturing:
technology and challenges." Fashion and Textiles 2, no. 1 (2015): 1-16. https://doi.org/10.1186/s40691-015-0034-
9

Dhupkariya, Seema, Vinod Kumar Singh, and Arun Shukla. "A review of textile materials for wearable antenna."
Journal of Microwave Engineering & Technologies 1, no. 3 (2015): 7-14.

Zayoud, Rahma, and Habib Hamam. "The Design, by Physical Topology Optimizing, of a Passive UHF RFID
Identification System: Suitable for Applications with Various Constraints." In 2020 5th International Conference on
Advanced Technologies for Signal and Image Processing (ATSIP), pp. 1-6. IEEE, 2020.
https://doi.org/10.1109/ATSIP49331.2020.9231580

Hoon, Wee Fwen, Yew Been Seok, Mohamed Fareq Abdul Malek, Lee Yeng Seng, and Siti Zuraidah Ibrahim. "Radio
Frequency Identification (RFID) Tag Antenna Design at Ultra High Frequency (UHF) band." Indian Journal of Science
and Technology 10, no. 5 (2017).

Abdulghafor, Rawad, Sherzod Turaev, Hamad Almohamedh, Rana Alabdan, Badr Almutairi, Abdulrazaq Almutairi,
and Sultan Almotairi. "Recent advances in passive UHF-RFID tag antenna design for improved read range in product
packaging  applications: A  comprehensive  review." [EEE  Access 9 (2021): 63611-63635.
https://doi.org/10.1109/ACCESS.2021.3074339

Potey, Pranita Manish, and Kushal Tuckley. "Design of wearable textile antenna with various substrate and
investigation on fabric selection." In 2018 3rd International Conference on Microwave and Photonics (ICMAP), pp.
1-2. IEEE, 2018. https://doi.org/10.1109/ICMAP.2018.8354539

Anuar, Mirza, Lee Yeng Seng, M. S. Shakhirul, F. H. Wee, Hong Seng Gan, Muzammil Jusoh, Thennarasan Sabapathy,
and M. N. Osman. "Design Chipless Textile Tag for RFID Application." In Journal of Physics: Conference Series, vol.
1339, no. 1, p. 012028. IOP Publishing, 2019. https://doi.org/10.1088/1742-6596/1339/1/012028

Sam, Rini, Anandita Hazra, and M. Nesasudha. "Design and Development of Textile Antenna for RFID Applications."
In 2019 2nd International Conference on Signal Processing and Communication (ICSPC), pp. 178-181. IEEE, 2019.
https://doi.org/10.1109/ICSPC46172.2019.8976609

Ahmed, Shahbaz, Shoaib Tahir Qureshi, Lauri Syddanheimo, Leena Ukkonen, and Toni Bjorninen. "Comparison of
wearable E-textile split ring resonator and slotted patch RFID reader antennas embedded in work gloves." IEEE
Journal of Radio Frequency Identification 3, no. 4 (2019): 259-264. https://doi.org/10.1109/JRFID.2019.2926194
Abdullah, N. A. S., N. H. Ramli, and R. C. Yob. "A RFID Tag Antenna for Wearable Application System in Microwave
Frequency Band." In Journal of Physics: Conference Series, vol. 1962, no. 1, p. 012034. IOP Publishing, 2021.
https://doi.org/10.1088/1742-6596/1962/1/012034

Abdullah, Nur Awatif Shahidah, Nur Hidayah Ramli, and Rashidah Che Yob. "Design a RFID Tag Antenna for
Wearable Application System." In Proceedings of the 11th International Conference on Robotics, Vision, Signal
Processing and Power Applications: Enhancing Research and Innovation through the Fourth Industrial Revolution,
pp. 530-535. Singapore: Springer Singapore, 2022. https://doi.org/10.1007/978-981-16-8129-5 81

177


https://doi.org/10.1155/2017/3476017
https://doi.org/10.2528/PIERL15032403
https://doi.org/10.23919/URSI-AT-RASC.2018.8471562
https://doi.org/10.1109/ISWSN.2017.8250009
https://doi.org/10.1109/JSEN.2014.2318056
https://doi.org/10.1186/s40691-015-0034-9
https://doi.org/10.1186/s40691-015-0034-9
https://doi.org/10.1109/ATSIP49331.2020.9231580
https://doi.org/10.1109/ACCESS.2021.3074339
https://doi.org/10.1109/ICMAP.2018.8354539
https://doi.org/10.1088/1742-6596/1339/1/012028
https://doi.org/10.1109/ICSPC46172.2019.8976609
https://doi.org/10.1088/1742-6596/1962/1/012034
https://doi.org/10.1007/978-981-16-8129-5_81

