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Figure 1: Overview of body-scale NFC for wearables https://youtu.be/xxEWxeqx-Bg.
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Abstract

Near Field Communication (NFC) is a promising technology for
ultra-low-power wearables, yet its short communication range lim-
its its use to narrow-area, point-to-point interactions. We propose
a body-scale NFC networking system that extends NFC coverage
around the body, enabling surface-to-multipoint communication
with distributed NFC sensor tags. This demonstration introduces
two key technologies: Meander NFC and picoRing NFC. First, Me-
ander NFC expands a clothing-based NFC networking area up to
body scale while enabling a stable readout of small NFC tags occu-
pying 1% of the coverage area. Meander NFC uses a meander coil
which creates a spatially confined inductive field along the textile
surface, ensuring robust coupling with small tags while preventing
undesired electromagnetic body coupling. Second, picoRing NFC
solves the weak inductive coupling caused by distance and size mis-
matches. By leveraging middle-range NFC and coil optimization,
picoRing NFC extends the communication range to connect these
disparate nodes between the ring and wristband.

CCS Concepts

« Human-centered computing — Ubiquitous and mobile com-
puting; « Hardware — Wireless devices.
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1 Introduction

The evolution of wearable computing is moving toward a dis-
tributed ecosystem where multiple wearable devices are spread
across the human body to capture diverse physiological and in-
teraction data [8, 32]. To realize this vision, recent advances in
wearable devices have increasingly demanded ultra-low-power or
battery-free architectures to ensure long-term, unobtrusive mon-
itoring and interaction [36]. While the sensing and computation
components of a wearable system can operate at ultra-low-power
levels below microwatts or even nanowatts, data communication
remains a significant energy bottleneck. Conventional wireless tech-
nologies, such as Bluetooth and Wi-Fi, typically consume tens to
hundreds of milliwatts at maximum, which is orders of magnitude
higher than the power budget of ultra-low-power wearables [27].
Near-field communication (NFC), based on near-field backscatter
technology, has emerged as a promising alternative for ultra-low-
power wearables due to its low power consumption, typically below
1 mW [35]. However, NFC’s inherent limitation of a short communi-
cation range (typically a few centimeters) restricts its applicability
to short-range, point-to-point interactions, making it challenging
to establish a body-scale network of wearable devices. For instance,
battery-free epidermal patch sensors require the user to manually
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bring a smartphone equipped with an NFC reader within a few
centimeters to log data, which imposes temporal constraints on
the NFC networks [17, 37]. Furthermore, NFC-enabled smart rings
and wristbands cannot exchange data with each other if they are
located on different limbs, creating spatial constraints for wearable
usage [11, 23].

To address these limitations, we propose a body-scale NFC net-
working system named body-scale NFC for wearables that extends
NFC temporal and spatial coverage across the entire human body,
facilitating scalable and energy-efficient communication with dis-
tributed sensor tags. This demonstration introduces two key tech-
nologies: Meander NFC and picoRing NFC (see Figure 1). Mean-
der NFC overcomes the temporal constraints of traditional NFC
readers by integrating a body-scale NFC coil into clothing. Unlike
previous coils that radiate magnetic fields spatially, Meander NFC
employs a meander coil that confines the strong magnetic field near
the skin. This surface-like wireless space ensures stable readout
even when small sensor tags occupy only 1% of the large-area
coil, enabling always-on monitoring without requiring the user to
manually position a reader. Our demonstration uses lightweight
and low-loss copper foils, enabling comfortable long-term wear-
ability without compromising NFC performance, unlike previous
lossy conductive yarns [21, 24] or low-loss but heavy liquid metal
tubes [19, 22, 25]. Second, picoRing NFC uses a middle-range NFC
technique to demonstrate reliable NFC communication between
aring and a wristband, even under weak inductive coupling over
10 cm distance. Unlike previous picoRing based on passive inductive
telemetry [11, 23] — one-way, slow, frequency-sweeping readout
of the wristband coil to the ring LC tank—, picoRing NFC enables
two-way, fast, time-division communication at kilobytes of data.
The fast, two-way communication allows for interactive control:
a gesture detected by the ring can be used to adjust parameters
on the wristband display (e.g., volume control, data visualization
settings) or trigger actions in connected applications on AR glasses.

2 Related work

Our work builds upon a rich history of research in Near-Field Com-
munication (NFC) protocols and their applications within Human-
Computer Interaction (HCI). NFC emerged as a subset of radio-
wave frequency identification (RFID), initially focused on short-
range identification and contactless payment. The system operates
through the inductive coupling between two coils: the reader (ini-
tiator) and the tag (target). The reader generates an inductive field
at a carrier frequency of 13.56 MHz, which induces a current in
the tag’s coil. This process provides sufficient wireless power to
activate the internal microchip of the tag. Once activated, the tag
transmits data back to the reader by varying its electrical load,
known as backscatter or load modulation. By altering the reflected
signal strength, the tag sends its data with low power consumption,
making it ideal for battery-free wearable applications. The core NFC
standards (ISO/IEC 14443 Type A, B, and F) have traditionally been
limited to proximity-based interactions. However, recent processes
have expanded the protocol’s utility: narrow-band NFC (ISO/IEC
15693 Type V) enables middle-range communication up to 5cm
to 10 cm [34], while the NFC Wireless Charging specification now
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Figure 2: Design schematics of Meander (a-c) NFC and (d-f) picoRing NFC.

allows for reliable power transfer of up to 2.2 W (ST25R300, STMi-
croelectronics). This power capability is particularly valuable for
the advanced and power-consuming hundreds of mW-class wear-
able devices such as smartwatches and smartglasses. While early
HCI research utilized these protocols for tangible interfaces and
simplified device pairing [4, 7], recent research have integrated NFC
tags into jewelry [9, 35], clothing [5, 6, 13, 16, 31], furniture [17, 28],
capsule [33], patch [2, 20, 30], and gadgets [1, 3, 10, 12, 15, 18, 26, 29]
for gesture recognition and physiological monitoring [37].

3 Design
3.1 Meander NFC

Meander NFC is designed to provide continuous, wireless power
and data networking across the large-area, dynamic surfaces of
the human body. The core of Meander NFC consists of a mean-
dered textile coil fabricated by copper foils (see Figure 2a). The
meander pattern, which changes its winding direction for each
turn, is designed to confine the magnetic field close to the skin —
two-dimensional localized inductive field —, where wearable devices
are typically placed. Therefore, unlike conventional spiral or helical
loop coils, which spatially radiate the inductive field, the meander
coil allows for energy-efficient power and data transfer to NFC tags
even near the dielectric human body. In addition, even when the
textile coil is deformed due to dynamic movements of the human
body, Meander NFC ensures a stable NFC link with the tag. This is
because the localized effect can function as long as the local wire
spacing of the meander coil remains almost constant.

Our prototype uses lightweight and low-loss copper foils with
8 um thickness, enabling comfortable wearability without compro-
mising NFC performance. This approach overcomes the limitations
of previous methods, such as lossy conductive yarns [21, 24] or
conductive but heavy liquid metal tubes [19, 22, 25]. We implement
two meander coils on the garment: one covering the abdominal

area and another extending across the arms and back. The wiring
patterns are cut using a mechanical plotter or a UV laser. To ensure
stretchability at joints such as the elbows and shoulders, we employ
a double-track serpentine wiring, providing mechanical durability
for the user’s motion. In total, the inductance, Q-factor, and power
transfer efficiency of the abdominal/arm-sleeve meadner coils with
customized NFC sensor tag (STEVAL-SMARTAG1, STMicroelec-
tronics) shows 3.4 uH/2.7 pH, 95/53, and 41 %/30 %, respectively. The
average power consumption of the NFC reader board and NFC sen-
sor tag is 515 mW (= 5.0 VX 103 mA) and 845 pW (= 3.3V x 250 pA),
respectively.

3.2 picoRing NFC

The picoRing NFC is a compact, finger-worn device designed for
reliable, subtle finger input with ultra-low power (see Figure 2b).
Building upon the original picoRing [11, 23], picoRing NFC inte-
grates a low-power, high-speed 3-axis accelerometer and an NFC
communication module within a lightweight ring form factor. This
turns the finger into a micro finger interaction hub, where the user
can perform precise tactile tasks (e.g., scrolling or clicking) while
the ring concurrently captures hand gestures. To link the wrist-
band with the small ring through NFC protocols, picoRing NFC
combines the NFC Type V with an angled coil design. This configu-
ration enables to maximize coil size within the compact ring and
enhance the inductive coupling between the ring and wristband.
Furthermore, by utilizing NFC’s optimized sleep modes, picoRing
NFC maintains the long-lasting battery life required for continuous
daily use. In total, the Q-factor and power consumption (active
and sleep modes) of the ring/wristband coil shows 23.9/15.9, and
2.02mW(= 1.8V x 1.12mA)/705 mW (= 5.0V x 141 mA) (active)
and 371 uyW (= 1.8 V X 206 nA)/83.5 mW (= 5.0V X 16.7 mA) (sleep),
respectively.
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Figure 3: Application examples of Meander NFC and picoRing NFC.
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4 Demonstration

Meander NFC introduces a flexible approach to wearable sensing
technology by providing a body-scale and motion-robust wireless
sensing surface that works regardless of where the NFC sensor
tags are placed. While previous research, such as e-textiles com-
posed of multiple sparse small coils [13, 14], is effectively available
for specific applications, these systems are rigid in their design.
If the application changes—for example, moving from tracking
users’ posture to monitoring surrounding environmental signals,
users need to be redesigned to match the new sensor locations. In
contrast, Meander NFC turns the garment itself into a universal
near-field sensing e-textile platform. Users can freely place tags
without changing the wiring of the clothes. This eliminates the
need for application-specific redesigns of the near-field e-textiles.
Meander NFC enables high-fidelity motion tracking by simply plac-
ing the NFC sensor tags on the arms or waist (see Figure 3a). Even
when the textile meander coils are deformed due to body move-
ment, Meander NFC enables reliable power and data transfer in any
posture (see Figure 3b). This is because the generated inductive field
remains stably confined near the surface of the clothing as long as
the local spacing of the wire pattern does not change drastically.
In addition, the body-scale coverage of Meander NFC allows the
clothing to interact with the surrounding environment and objects
around it. By placing the temperature NFC tags on a chair, Meander
NFC automatically records the local environment the moment the
user sits down, because the NFC connection is guaranteed at arbi-
trary points where the clothes touch the furniture (see Figure 3c).
This turns the user into a mobile sensing platform, capable of moni-
toring room-wide air conditioning levels through simple, everyday
actions (see Figure 3d).

picoRing NFC shows ultra-low-power ring input interfaces for
continuous subtle finger interaction with wearable digital content
provided by smartwatch ans smartglasses. While the original pi-
coRing was designed for cursor control using a microtrackball [11],
the new picoRing NFC integrates a motion sensor in addition to its
tactile input. This allows the ring to reliably capture both precise
finger movements and the broader dynamic 3D motion of the hand.
By moving beyond simple scrolling and clicking, picoRing NFC en-
ables a dual-mode interaction style. Users can perform traditional
digital tasks with the trackball while simultaneously tracking com-
plex hand gestures or physical activities through the motion sensor
(see Figure 3e-f).

5 Conclusion

In this demonstration, we present Meander NFC and picoRing NFC.
Unlike previous e-textile networks that require application-specific
layouts, Meander NFC provides a body-scale wireless power and
data networking that maintains stable wireless connectivity even
during movements like running or jumping. This allows users and
researchers to deploy sensors wherever they are needed without
redesigning the garment. Complementing this body-scale system,
picoRing NFC supports both long-lasting battery life required for
daily wear and fast data transfer like motion data, in addition to
trackball inputs. This enriches the finger-tip interface, allowing it
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to capture rapid 3D gestures and subtle tactile commands simulta-
neously. Therefore, our demonstration showcases how this com-
bination of wide-area sensing and rich, energy-efficient finger-tip
control can support a broad range of applications, from personalized
health monitoring to subtle finger interaction in daily life.

Acknowledgments

This work was mainly supported by JST CRONOS JPMJAX21K9,
JST PRESTO JPMJPR2515, JSPS KAKEN 22K21343, JST ASPIRE JPM-
JAP2401, and the Asahi Glass Foundation. The authors used Google
Gemini for linguistic refinement and editing of this manuscript.

References

[1] Zhenlin An, Qiongzheng Lin, Xiaopeng Zhao, Lei Yang, Dongliang Zheng,
Guiqing Wu, and Shan Chang. 2021. One tag, two codes: identifying optical
barcodes with NFC. In Proceedings of the 27th Annual International Conference on
Mobile Computing and Networking (MobiCom °21). Association for Computing
Machinery, New York, NY, USA, 108-120. doi:10.1145/3447993.3448631

[2] Le Cai, Alex Burton, David A. Gonzales, Kevin Albert Kasper, Amirhossein
Azami, Roberto Peralta, Megan Johnson, Jakob A. Bakall, Efren Barron Vil-
lalobos, Ethan C. Ross, John A. Szivek, David S. Margolis, and Philipp Gutruf.
2021. Osseosurface electronics—thin, wireless, battery-free and multimodal
musculoskeletal biointerfaces. Nature Communications 12, 1 (Nov. 2021), 6707.
doi:10.1038/s41467-021-27003-2

[3] Donghui Dai, Zhenlin An, Qingrui Pan, and Lei Yang. 2023. MagCode: NFC-
Enabled Barcodes for NFC-Disabled Smartphones. In Proceedings of the 29th
Annual International Conference on Mobile Computing and Networking (ACM
MobiCom °23). Association for Computing Machinery, New York, NY, USA, 1-14.
doi:10.1145/3570361.3592528

[4] Shenfeng Fei, Andrew M. Webb, Andruid Kerne, Yin Qu, and Ajit Jain. 2013.
Peripheral array of tangible NFC tags: positioning portals for embodied trans-
surface interaction. In Proceedings of the 2013 ACM international conference on
Interactive tabletops and surfaces. ACM, St. Andrews Scotland, United Kingdom,
33-36. doi:10.1145/2512349.2512820

[5] Amirhossein Hajiaghajani, Amir Hosein Afandizadeh Zargari, Manik Dautta,
Abel Jimenez, Fadi Kurdahi, and Peter Tseng. 2021. Textile-integrated metamate-
rials for near-field multibody area networks. Nature Electronics 4, 11 (Nov. 2021),
808-817. d0i:10.1038/s41928-021-00663-0

[6] Amirhossein Hajiaghajani, Patrick Rwei, Amir Hosein Afandizadeh Zargari,
Alberto Ranier Escobar, Fadi Kurdahi, Michelle Khine, and Peter Tseng. 2023.
Amphibious epidermal area networks for uninterrupted wireless data and power
transfer. Nature Communications 14, 1 (Nov. 2023), 7522. do0i:10.1038/s41467-023-
43344-6

[7] Robert Hardy and Enrico Rukzio. 2008. Touch & interact: touch-based interaction
of mobile phones with displays. In Proceedings of the 10th international conference
on Human computer interaction with mobile devices and services (MobileHCI "08).
Association for Computing Machinery, New York, NY, USA, 245-254. doi:10.
1145/1409240.1409267

[8] Dae-Hyeong Kim, Nanshu Lu, Rui Ma, Yun-Soung Kim, Rak-Hwan Kim, Shuodao

Wang, Jian Wu, Sang Min Won, Hu Tao, Ahmad Islam, Ki Jun Yu, Tae-il Kim, Raeced

Chowdhury, Ming Ying, Lizhi Xu, Ming Li, Hyun-Joong Chung, Hohyun Keum,

Martin McCormick, Ping Liu, Yong-Wei Zhang, Fiorenzo G. Omenetto, Yonggang

Huang, Todd Coleman, and John A. Rogers. 2011. Epidermal Electronics. Science

333, 6044 (Aug. 2011), 838-843. doi:10.1126/science.1206157

Chi-Jung Lee, Rong-Hao Liang, Ling-Chien Yang, Chi-Huan Chiang, Te-Yen Wu,

and Bing-Yu Chen. 2022. NFCStack: Identifiable Physical Building Blocks that

Support Concurrent Construction and Frictionless Interaction. In Proceedings

of the 35th Annual ACM Symposium on User Interface Software and Technology

(UIST °22). Association for Computing Machinery, New York, NY, USA, 1-12.

doi:10.1145/3526113.3545658

[10] Bu Li and Robert Xiao. 2025. NFCGest: Contactless Gestural Interactions with

NFC Devices. In Proceedings of the 38th Annual ACM Symposium on User Interface
Software and Technology (UIST ’25). Association for Computing Machinery, New
York, NY, USA, 1-11. doi:10.1145/3746059.3747729

[11] Yifan Li, Masaaki Fukumoto, Mohamed Kari, Shigemi Ishida, Akihito Noda,

Tomoyuki Yokota, Takao Someya, Yoshihiro Kawahara, and Ryo Takahashi. 2025.
Ultra-low-power ring-based wireless tinymouse. In Proceedings of the 38th Annual
ACM Symposium on User Interface Software and Technology. ACM, Busan Republic
of Korea, 1-12. doi:10.1145/3746059.3747615

[12] Rong-Hao Liang and Zengrong Guo. 2021. NFCSense: Data-Defined Rich-ID

Motion Sensing for Fluent Tangible Interaction Using a Commodity NFC Reader.
In Proceedings of the 2021 CHI Conference on Human Factors in Computing Systems

—_
2


https://doi.org/10.1145/3447993.3448631
https://doi.org/10.1038/s41467-021-27003-2
https://doi.org/10.1145/3570361.3592528
https://doi.org/10.1145/2512349.2512820
https://doi.org/10.1038/s41928-021-00663-0
https://doi.org/10.1038/s41467-023-43344-6
https://doi.org/10.1038/s41467-023-43344-6
https://doi.org/10.1145/1409240.1409267
https://doi.org/10.1145/1409240.1409267
https://doi.org/10.1126/science.1206157
https://doi.org/10.1145/3526113.3545658
https://doi.org/10.1145/3746059.3747729
https://doi.org/10.1145/3746059.3747615

CHI EA °26, April 13-17, 2026, Barcelona, Spain

(CHI °21). Association for Computing Machinery, New York, NY, USA, 1-14.
doi:10.1145/3411764.3445214

Rongzhou Lin, Han-Joon Kim, Sippanat Achavananthadith, Selman A. Kurt,
Shawn C. C. Tan, Haicheng Yao, Benjamin C. K. Tee, Jason K. W. Lee, and John S.
Ho. 2020. Wireless battery-free body sensor networks using near-field-enabled
clothing. Nature Communications 11, 1 (Jan. 2020), 444. doi:10.1038/s41467-020-
14311-2

Rongzhou Lin, Han-Joon Kim, Sippanat Achavananthadith, Ze Xiong, Jason K. W.
Lee, Yong Lin Kong, and John S. Ho. 2022. Digitally-embroidered liquid metal
electronic textiles for wearable wireless systems. Nature Communications 13, 1
(April 2022), 2190. doi:10.1038/s41467-022-29859-4

Chongxuan Ma, Zheng Xie, Kaiwen Guo, and Chao Liu. 2026. NFINGER: Person-
alized Backside Gesture Recognition on Smartphones Using Back-mounted NFC
Tag Array. In Companion of the 2025 ACM International Joint Conference on Perva-
sive and Ubiquitous Computing (UbiComp Companion °25). Association for Com-
puting Machinery, New York, NY, USA, 176-180. doi:10.1145/3714394.3754366
Akihito Noda. 2019. Wearable NFC Reader and Sensor Tag for Health Monitoring.
In 2019 IEEE Biomedical Circuits and Systems Conference (BioCAS). 1-4. doi:10.
1109/BIOCAS.2019.8919200

Yong Suk Oh, Jae-Hwan Kim, Zhaogian Xie, Seokjoo Cho, Hyeonseok Han,
Sung Woo Jeon, Minsu Park, Myeong Namkoong, Raudel Avila, Zhen Song, Sung-
Uk Lee, Kabseok Ko, Jungyup Lee, Je-Sang Lee, Weon Gi Min, Byeong-Ju Lee,
Myungwoo Choi, Ha Uk Chung, Jongwon Kim, Mengdi Han, Jahyun Koo, Yeon Sik
Choi, Sung Soo Kwak, Sung Bong Kim, Jeonghyun Kim, Jungil Choi, Chang-Mo
Kang, Jong Uk Kim, Kyeongha Kwon, Sang Min Won, Janice Mihyun Baek, Yujin
Lee, So Young Kim, Wei Lu, Abraham Vazquez-Guardado, Hyoyoung Jeong,
Hanjun Ryu, Geumbee Lee, Kyuyoung Kim, Seunghwan Kim, Min Seong Kim,
Jungrak Choi, Dong Yun Choi, Quansan Yang, Hangbo Zhao, Wubin Bai, Hokyung
Jang, Yongjoon Yu, Jaeman Lim, Xu Guo, Bong Hoon Kim, Seokwoo Jeon, Charles
Davies, Anthony Banks, Hyung Jin Sung, Yonggang Huang, Inkyu Park, and
John A. Rogers. 2021. Battery-free, wireless soft sensors for continuous multi-site
measurements of pressure and temperature from patients at risk for pressure
injuries. Nature Communications 12, 1 (Aug. 2021), 5008. doi:10.1038/s41467-021-
25324-w

Keita Saito, Takuto Nakamura, Kazushi Kamezawa, Ryo Ikeda, Yuki Hashimoto,
and Buntarou Shizuki. 2020. Japanese Patterns as NFC Antennas for Interactive
Urushi-ware. In Proceedings of the Fourteenth International Conference on Tangi-
ble, Embedded, and Embodied Interaction (TEI °20). Association for Computing
Machinery, New York, NY, USA, 443-451. doi:10.1145/3374920.3374952
Takashi Sato, Shinto Watanabe, Ryo Takahashi, Wakako Yukita, Tomoyuki
Yokota, Takao Someya, Yoshihito Kawahara, Eiji Iwase, and Junya Kurumida.
2025. Friction Jointing Of Distributed Rigid Capacitors To Stretchable Liquid
Metal Coil For Full-Body Wireless Charging Clothing. In 2025 IEEE 38th In-
ternational Conference on Micro Electro Mechanical Systems (MEMS). 181-184.
doi:10.1109/MEMS61431.2025.10917417 ISSN: 2160-1968.

Yuzhou Shao, Lusong Wei, Xinyue Wu, Chengmei Jiang, Yao Yao, Bo Peng, Han
Chen, Jiangtao Huangfu, Yibin Ying, Chuanfang John Zhang, and Jianfeng Ping.
2022. Room-temperature high-precision printing of flexible wireless electronics
based on MXene inks. Nature Communications 13, 1 (June 2022), 3223. doi:10.
1038/541467-022-30648-2

Ryo Takahashi, Changyo Han, Wakako Yukita, John S. Ho, Takuya Sasatani,
Akihito Noda, Tomoyuki Yokota, Takao Someya, and Yoshihiro Kawahara. 2025.
Full-body NFC: body-scale near-field sensor networks with machine-knittable
meandered e-textiles. doi:10.48550/arXiv.2503.13240 arXiv:2503.13240 [cs].

Ryo Takahashi, Takashi Sato, Wakako Yukita, Tomoyuki Yokota, Takao Someya,
and Yoshihiro Kawahara. 2026. Full-body WPT: Wireless Powering with Mean-
dered E-textiles. In Companion of the 2025 ACM International Joint Conference
on Pervasive and Ubiquitous Computing (UbiComp Companion 25). Association
for Computing Machinery, New York, NY, USA, 529-533. doi:10.1145/3714394.
3750714

Ryo Takahashi, Eric Whitmire, Roger Boldu, Shiu Ng, Wolf Kienzle, and Hrvoje
Benko. 2024. picoRing: battery-free rings for subtle thumb-to-index input. In
Proceedings of the 37th Annual ACM Symposium on User Interface Software and
Technology (UIST ’24). Association for Computing Machinery, New York, NY,
USA, 1-11. doi:10.1145/3654777.3676365

Ryo Takahashi, Wakako Yukita, Takuya Sasatani, Tomoyuki Yokota, Takao
Someya, and Yoshihiro Kawahara. 2021. Twin Meander Coil: Sensitive Readout
of Battery-free On-body Wireless Sensors Using Body-scale Meander Coils. Pro-
ceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous Technologies
5, 4 (Dec. 2021), 1-21. doi:10.1145/3494996

Ryo Takahashi, Wakako Yukita, Tomoyuki Yokota, Takao Someya, and Yoshihiro
Kawahara. 2022. Meander Coil++: A Body-scale Wireless Power Transmission
Using Safe-to-body and Energy-efficient Transmitter Coil. In CHI Conference
on Human Factors in Computing Systems. ACM, New Orleans LA USA, 1-12.
doi:10.1145/3491102.3502119

Nicolas Villar, Daniel Cletheroe, Greg Saul, Christian Holz, Tim Regan, Oscar
Salandin, Misha Sra, Hui-Shyong Yeo, William Field, and Haiyan Zhang. 2018.

H. Yamamoto, Y. Li, W. Yukita, T. Yokota, T. Someya, R. Takahashi, Y. Kawahara

Project Zanzibar: A Portable and Flexible Tangible Interaction Platform. In Pro-
ceedings of the 2018 CHI Conference on Human Factors in Computing Systems
(CHI ’18). Association for Computing Machinery, New York, NY, USA, 1-13.
doi:10.1145/3173574.3174089

Mahmoud Wagih, Leonardo Balocchi, Francesca Benassi, Nuno B. Carvalho,
Jung-Chih Chiao, Ricardo Correia, Alessandra Costanzo, Yepu Cui, Dimitra Geor-
giadou, Carolina Gouveia, Jasmin Grosinger, John S. Ho, Kexin Hu, Abiodun Ko-
molafe, Sam Lemey, Caroline Loss, Gaetano Marrocco, Paul Mitcheson, Valentina
Palazzi, Nicoletta Panunzio, Giacomo Paolini, Pedro Pinho, Josef Preishuber-
Pfliigl, Yasser Qaragoez, Hamed Rahmani, Hendrik Rogier, Jose Romero Lopera,
Luca Roselli, Dominique Schreurs, Manos Tentzeris, Xi Tian, Russel Torah, Ri-
cardo Torres, Patrick Van Torre, Dieff Vital, and Steve Beeby. 2023. Microwave-
Enabled Wearables: Underpinning Technologies, Integration Platforms, and Next-
Generation Roadmap. IEEE Journal of Microwaves 3, 1 (Jan. 2023), 193-226.
doi:10.1109/JMW.2022.3223254

Jingxian Wang, Junbo Zhang, Ke Li, Chengfeng Pan, Carmel Majidi, and Swarun
Kumar. 2023. Locating Everyday Objects Using NFC Textiles. Commun. ACM 66,
10 (2023), 107-114. doi:10.1145/3615450

Koki Yamagami, Masato Goto, Junichiro Kadomoto, and Hidetsugu Irie. 2025.
MorphKeys: A Reconfigurable Keyboard System Using Switched NFC Tags. In
Proceedings of the 38th Annual ACM Symposium on User Interface Software and
Technology. ACM, Busan Republic of Korea, 1-11. doi:10.1145/3746059.3747706
Kento Yamagishi, Terry Ching, Nicole Chian, Martin Tan, Wenshen
Zhou, Shao Ying Huang, and Michinao Hashimoto. 2024. Flexi-
ble and Stretchable Liquid-Metal Microfluidic Electronics Using Di-
rectly Printed 3D Microchannel Networks. Advanced Functional Ma-
terials 34, 31 (2024), 2311219.  doi:10.1002/adfm.202311219 _eprint:
https://advanced.onlinelibrary.wiley.com/doi/pdf/10.1002/adfm.202311219.
Huizhong Ye, Chi-Jung Lee, Te-Yen Wu, Xing-Dong Yang, Bing-Yu Chen, and
Rong-Hao Liang. 2022. Body-Centric NFC: Body-Centric Interaction with NFC
Devices Through Near-Field Enabled Clothing. In Proceedings of the 2022 ACM
Designing Interactive Systems Conference (DIS °22). Association for Computing
Machinery, New York, NY, USA, 1626-1639. doi:10.1145/3532106.3534569
Tianhong Catherine Yu, Cedric Honnet, Tingyu Cheng, Ryo Takahashi, Bo Zhou,
Cheng Zhang, Paul Lukowicz, Yoshihiro Kawahara, Josiah Hester, Joseph A.
Paradiso, Yiyue Luo, and Irmandy Wicaksono. 2026. Intelligent Soft Wearables.
In Companion of the 2025 ACM International Joint Conference on Pervasive and
Ubiquitous Computing (UbiComp Companion °25). Association for Computing
Machinery, New York, NY, USA, 1123-1126. doi:10.1145/3714394.3750561
Junbo Zhang, Gaurav Balakrishnan, Sruti Srinidhi, Arnav Bhat, Swarun Ku-
mar, and Christopher Bettinger. 2023. NFCapsule: An Ingestible Sensor Pill
for Eosinophilic Esophagitis Detection Based on near-Field Coupling. In Pro-
ceedings of the 20th ACM Conference on Embedded Networked Sensor Systems
(SenSys "22). Association for Computing Machinery, New York, NY, USA, 75-90.
doi:10.1145/3560905.3568523

Renjie Zhao, Purui Wang, Yunfei Ma, Pengyu Zhang, Hongqiang Harry Liu, Xi-
anshang Lin, Xinyu Zhang, Chenren Xu, and Ming Zhang. 2020. NFC+: Breaking
NFC Networking Limits through Resonance Engineering. In Proceedings of the
Annual conference of the ACM Special Interest Group on Data Communication on
the applications, technologies, architectures, and protocols for computer communi-
cation (SIGCOMM °20). Association for Computing Machinery, New York, NY,
USA, 694-707. doi:10.1145/3387514.3406219

Yi Zhao, Joshua R. Smith, and Alanson Sample. 2015. NFC-WISP: an open source
software defined near field RFID sensing platform. In Adjunct Proceedings of the
2015 ACM International Joint Conference on Pervasive and Ubiquitous Computing
and Proceedings of the 2015 ACM International Symposium on Wearable Computers
(UbiComp/ISWC’15 Adjunct). Association for Computing Machinery, New York,
NY, USA, 369-372. doi:10.1145/2800835.2800912

Ya-Li Zheng, Xiao-Rong Ding, Carmen Chung Yan Poon, Benny Ping Lai Lo,
Heye Zhang, Xiao-Lin Zhou, Guang-Zhong Yang, Ni Zhao, and Yuan-Ting Zhang.
2014. Unobtrusive Sensing and Wearable Devices for Health Informatics. IEEE
Transactions on Biomedical Engineering 61, 5 (May 2014), 1538-1554. doi:10.1109/
TBME.2014.2309951

Haochen Zou, Zhibo Zhou, Mengyao Huang, Wenhao Li, Bowen Yang, Xiao Zhao,
Ting Li, Lijie Xu, Ting Wang, and Lianhui Wang. 2025. NFC/RFID-enabled wear-
ables and implants for biomedical applications. Microsystems & Nanoengineering
11, 1 (Oct. 2025), 191. doi:10.1038/s41378-025-01010-5


https://doi.org/10.1145/3411764.3445214
https://doi.org/10.1038/s41467-020-14311-2
https://doi.org/10.1038/s41467-020-14311-2
https://doi.org/10.1038/s41467-022-29859-4
https://doi.org/10.1145/3714394.3754366
https://doi.org/10.1109/BIOCAS.2019.8919200
https://doi.org/10.1109/BIOCAS.2019.8919200
https://doi.org/10.1038/s41467-021-25324-w
https://doi.org/10.1038/s41467-021-25324-w
https://doi.org/10.1145/3374920.3374952
https://doi.org/10.1109/MEMS61431.2025.10917417
https://doi.org/10.1038/s41467-022-30648-2
https://doi.org/10.1038/s41467-022-30648-2
https://doi.org/10.48550/arXiv.2503.13240
https://doi.org/10.1145/3714394.3750714
https://doi.org/10.1145/3714394.3750714
https://doi.org/10.1145/3654777.3676365
https://doi.org/10.1145/3494996
https://doi.org/10.1145/3491102.3502119
https://doi.org/10.1145/3173574.3174089
https://doi.org/10.1109/JMW.2022.3223254
https://doi.org/10.1145/3615450
https://doi.org/10.1145/3746059.3747706
https://doi.org/10.1002/adfm.202311219
https://doi.org/10.1145/3532106.3534569
https://doi.org/10.1145/3714394.3750561
https://doi.org/10.1145/3560905.3568523
https://doi.org/10.1145/3387514.3406219
https://doi.org/10.1145/2800835.2800912
https://doi.org/10.1109/TBME.2014.2309951
https://doi.org/10.1109/TBME.2014.2309951
https://doi.org/10.1038/s41378-025-01010-5

	Abstract
	1 Introduction
	2 Related work
	3 Design
	3.1 Meander NFC
	3.2 picoRing NFC

	4 Demonstration
	5 Conclusion
	Acknowledgments
	References

