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RFID (radio frequency identification) technology appeared nearly 70 years ago. Deployed more widely only from
the early 2000s, it is now booming and its development is still accelerating. As its name indicates, its original
function was the identification (of objects, animals, people) and its applications were then essentially aimed at
traceability, access control and logistics. If this type of use is still relevant today with more and more new
application contexts and more and more efficient RFID tags, RFID has also evolved by integrating new capabilities.
These new tags, known as augmented tags, include an information capture function. With the explosion of
connected objects and the emergence of the Internet of Things (IoT), this old technology that is RFID still has a
promising future and will probably be more and more present in our private and professional environments in all

fields: logistics, industry, agriculture, building, health and even space.

healthcare identification Internet of Things RFID RFID sensor tag

| 1. Introduction

The Internet of Things (loT) paradigm is about connecting a huge number of devices through various access
technologies to exchange information and communicate. The I0T aims to enable multiple functionalities such as
identification, location, tracking, monitoring and management in various contexts: privacy, smart homes, industry,
health, wearables, 5G/6G mobile communications LIZB] and more recently, the use of connected thermal cameras
to detect potential COVID-19 infections and sensors to monitor office occupancy levels. Related studies have
shown for a few years now that the ubiquity and penetration of 10T will be enormous. The COVID-19 crisis has
even generated a wave of digital transformation that will further accelerate its development in the coming months

and years, so much so that the 10T market is expected to exceed one trillion by 2024.

Faced with such a craze regarding the technological challenges to be met, the application aspects that were
expected and the potential revenues that would be generated, I0T systems have spread very quickly and continue

to develop even though several fundamental aspects were initially “forgotten” and/or are emerging.

First of all, there is not yet an international standard dedicated to loT that would allow a better technological
harmonization and then further accelerate the deployment of connected objects all over the world. Unfortunately,
this observation is repeated again and again. Economic pressures mean that products are put on the market as
soon as possible and without any international harmonization. Thus, and this is particularly true in the field of

wireless technologies, regulations, when they are put in place, are either an afterthought or the devices are
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endowed with a certain complexity, useless from a “pure” technological point of view, but which allows portability in
different geographical areas of the world. For example, the deployment of ultra large band (UWB) technology 4! is
an emblematic illustration. In addition to the industrial conflicts opposing the defenders of multi-band OFDM
(orthogonal frequency division multiplexing)-type approaches and those defending the original idea, i.e., exploiting
new waveforms of the pulse type, the difficulties in agreeing on the regulation of the radio spectrum at the
international level have been a brake on its development; the frequency band authorized by the FCC (Federal
Communications Commission) in the United States, a band between 3.1 GHz and 10.6 GHz &, has been greatly
reduced elsewhere in the world, without harmonization, and this has called into question the very interest in the use
of very narrow pulses. More recently, the opening of new frequency bands dedicated to UHF (ultra-high frequency)
RFID (radio frequency identification) technology in Europe illustrates this phenomenon with regulations that vary
from one country to another, knowing that regulations for this technology are already different from one continent to
another. With the congestion of the radio frequency spectrum, specific to each country, it has therefore become
extremely difficult today to find common international frequency ranges that are available, although this is a real
issue. A second weakness concerns security, privacy and data protection. As before, although the problem is
known in several other contexts, the “need” (for economic reasons) to bring connected devices to market has not
allowed for upstream regulation on these security aspects. Whether [0T systems are public or enterprise, the
unstructured and fragmented nature of security regulations is and will be a barrier to their unanimous adoption.
Finally, in addition to this lack of standardization, current 10T ecosystems still lack real-time intelligence, which
relies heavily on edge computing and the artificial intelligence of objects. However, given the emergence of artificial
intelligence in all domains, there is no doubt that this gap will be quickly filled and that this aspect will remain an

area for continuous improvement.

By analogy with the well-known OSI (open systems interconnection) model, the 10T can be seen as consisting of
five main layers: the sensing layer, the access layer, the network layer, the support layer and the application layer.
Thus, the I0T includes multiple technologies: nanotechnologies, sensing and identification technologies, network
communication technologies, data fusion technologies, cloud computing technologies, and so-called smart

technologies.

| 2. RFID Technology: From Identification to Sensing

Since the advent of the electronic article surveillance (EAS) anti-theft system, which is still widely used, the first
emblematic commercial application of which appeared in the 1970’s, RFID technology has found many applications
in a wide range of fields such as industry EIBIEIL0MAL " agriculture B2ML3IIA] heg|th ESILGILANLS] byt also in our
everyday life 19201211 At the same time, its applications continue to diversify. From identification (its original
function), RFID is used, for example, for access management, logistics and tracking of goods, people and animals,
locating lost luggage in airports, and timing of sporting events. In recent years, a major development has been the
integration of the sensor function within the tag. It has allowed an extension of the field of applications of RFID, for

example, the monitoring of machines or perishable goods, and especially sensor networks and the loT.
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After having recalled the principles and the specificities of RFID technology, in particular the case of passive RFID,
it will be shown why RFID proves to be a relevant choice to deploy the first (identification but also detection or

recovery of information) or the last meters (identification but also control or command) of the I10T.

| 3. RFID Sensor Tags
3.1. Quick Look at the Types of RFID Sensor Tags That Exist

Today, there is a plethora of RFID sensor tags, at least in the literature, because commercial solutions, if they exist,
are still few. Generally speaking, like any sensor, an RFID sensor tag is able to detect changes and events, and

they are useful in all situations where measurements need to be captured remotely and automatically.

Tags could detect changes in movement, stress, strain, vibration, tilt, etc., often to control the state of a structure,
as varied as that may be (tightening of a screw, building, aircraft wing) [22(23124125]126] - hymjdity, temperature,
moisture [271[28][29][30[31](32][33](34] ' corrosion and chemicals [B2E8IETIS8IEY  gnd also pressure, light level, audible
feedback, or biometric data, etc. Note that most of these measures can be absolute or relative, for example, to

detect the passage of a threshold.

It is also interesting to note the use of specific materials when the tag becomes a sensor tag (without added
sensors). For example, for temperature or humidity the information capture can be based on relatively simple to
use materials such as polyvinyl-alcohol (i.e., PVA) polyimide film (i.e., Kapton). Even if the context of the article 4%
aims at chipless solutions, the principles being ultimately quite similar, many examples of materials that can be

used, associated with their different characteristics, are given.

In addition to these rather classical sensor applications, the potential field of use is extremely vast and will only
grow in the future. For example, researchers can cite recent and original studies that have focused on ice detection
(41 selutions for metallic environments integrating both European and American standards 42, and even the use of

RFID to monitor the health of astronauts 431,

Some authors refer to this type of tag as an “augmented tag”, whose capabilities then go beyond the mere

identification functionality, in this case, with the sensor function being the most frequent function 441431,

The second part presents the main approaches to transform a tag into a sensor tag, and also gives some elements
of comparison with other techniques dedicated to passive wireless sensing. With an applicative look, specifically

considering health, the third part aims to illustrate and show in a given context the types of sensors implemented.

3.2. Principles of RFID Sensor Tags

There are two main types of architectures to design an RFID sensor tag 48): either the tag integrates one (or more)

additional sensor, an independent sensor that is connected to the tag or even integrated into its chip, or the sensor
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function is integrated into the tag by a judicious design adding to the chip but more often to the antenna the role of

sensor by also using it as a transducer [47148][491[50]

In the case where the tag is associated with a sensor, one of the main limitations lies in the ability to maintain the
passive nature of the tag and sensor assembly. It is necessary to power the attached sensor autonomously: either
by using the rectifier circuit of the tag itself, but this is then to the detriment of the tag’s performance (part of the
energy is diverted), or by using a dedicated energy recovery device that exploits the energy from other sources
such as solar, thermal, kinetic or electromagnetic BUBLB2G3] The other solution, which is technologically simpler,
is to add an onboard battery dedicated to the sensor part at the expense of the 100% passive character. Based on
this approach, several sensor-tag platforms are now available such as the well-known wireless identification and
sensing platform (WISP) which is a programmable, microcontroller-based sensor tag, compatible with the
EPCglobal UHF RFID standard 4 and comparable platforms from academic labs B2B2 and commercial
manufacturers B8IE7IB8] This principle allows a priori better performance in terms of measurement ranges and

accuracy, or at least allows the capabilities of the sensor associated with the tag to be fully exploited.

The second approach, which consists of inserting the sensor function into the tag itself, is an ingenious alternative
that makes it possible to preserve the passive character. However, it suffers from the fact that the characteristics of
the backscattered signal are altered in terms of the detection of information (identifier + sensed quantity), which
reduces the reading range and even the reading capacity. To overcome these problems, solutions aim at dividing
and/or modifying the coding of the information returned by the tag in order to separate the two information channels
(identification and detection), for example, phase modulation for the sensor and amplitude modulation for the
communication or specific modulation frequency for the sensor 2. A hybrid analog—digital platform has also been
proposed that uses digital backscatter for addressing and control, and an analog backscatter mode for high-speed

transmission of sensor data (€9,

More generally, techniques exploiting RFID to generate sensors are also constrained or limited by time factors, for
example, the time needed to acquire data while the device is in motion [¢1; or the variation of the phase of the
signals (a property exploited for localization purposes), which it is a priori necessary to overcome for the purposes

of capturing information (eliminating any calibration) 621,

It is also worth noting that due to mass production printing techniques and the advances in fabrication of integrated
circuits, the cost of a RFID tag can be very low, less than $0.10. However, RFID tags with more capabilities and
complexity can cost more than $100. This is why it seems more judicious to design simple RFID sensor tags which
are not, for instance, microcontroller-specific in order to manage sensing operations or specific connections for
external sensors. Generally, in the field of RFID, it is more interesting to keep the tags simple (with an attractive
cost) and to put the complexity on the side of the readers (which can be a little more expensive and which,

moreover, are not—or are less, in the portable case—confronted with the problem of power supply).

If there is a lot of research work on RFID sensors, the commercial availability of these RFID sensor tags is still

quite limited, which shows that technological advances are still expected to facilitate their manufacture in large
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numbers, to promote their deployment and limit costs.

3.3. Focus on the Use of RFID Sensor Tags for Health

To illustrate the evolution and variety of RFID sensor tags, this part focuses on RFID applications in the health field.
Indeed, the healthcare industry 3 and academic research ISI18IL7I18I64] reflect very well the ever-increasing
interest of this technology and its contributions. In other words, the healthcare field is representative of the diversity
of passive RFID sensors and the variety of their applications, so it is highlighted here. Moreover, a proof of this fact
is that tagging medical instruments and devices is one of the fastest-growing application areas for RAIN RFID in

healthcare.
The healthcare sector already relies on a number of RFID applications:

» The identification of people, which means that throughout their journey, and whatever the length of their stay,
patients are identified, and even located, especially at-risk patients who do not have authorization to leave;

moreover, all care, prescribed treatments, and consumed drugs are automatically recorded.

» The identification of medical files, allowing for their traceability in order to ensure the management, archiving

and storage aspects automatically and efficiently, for greater security.

» The traceability of organic tissues, samples and blood products is also automated, and consequently, made

reliable.

« The management of large equipment and their maintenance in operational condition is also simplified; they can
be located with a follow-up of their state (for example, ready for use, not cleaned, in service or not); the
traceability of equipment throughout their life cycle is also favorable to the planning of renewals, investments,

and even recycling procedures.

» Inventories, stock management and procurement are also greatly simplified, whether for drugs or medical

prostheses, but also for small equipment (syringe pumps, syringes, surgical tools, etc.).

In the medical field, there are two main families of sensors depending on the positioning of the sensor which is
located outside the human body (on an object, an equipment, on the person; in this last case, researchers find the
notion of wearables, which is strongly developing today, in the medical field but also for monitoring people in
dangerous environments, for example, and even for the leisure of individuals) or inside the human body. In this last
case, from a technical point of view, compared to other types of applications, it is necessary to design adapted
implantable antennas 62681 and consider the specific propagation channel 84, In the first case, a device outside
the human body, the main technical specificity is where the device is still on a human body and researchers then
find ourselves with the same issues as those of the wearable. It is then the antennas on textile support or adapted

to textiles need to be developed [E8l89 and in the case of RFID there is a need to integrate the sensor function %
(7a][72],
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Finally, more than ever with these types of wireless communication applications, it is advisable to adopt a

precautionary principle, especially for fragile people (such as newborns) with respect to exposure to

electromagnetic fields, the effects of which are still poorly known, even if regulations exist (3],

References

1.

10.

11.

12.

Xu, L.D.; He, W.; Li, S. Internet of things in industries: A survey. IEEE Trans. Ind. Inform. 2014, 10,
2233-2243.

. Kumar, S.; Tiwari, P.; Zymbler, M. Internet of things is a revolutionary approach for future

technology enhancement: A review. J. Big Data 2019, 6, 111.

. Gupta, A.; Jha, R.K. A survey of 5G network: Architecture and emerging technologies. IEEE

Access 2015, 3, 1206-1232.

. Win, M.Z.; Scholtz, R.A. Impulse radio: How it works. IEEE Commun. Lett. 1998, 2, 36—38.

. Revision of Part 15 of the Commission’s Rules Regarding Ultra-Wideband Transmission Systems.

ET Docket No. 98-153, 22 April 2002.

. Qi, S.; Zheng, Y.; Li, M.; Liu, Y.; Qiu, J. Scalable industry data access control in RFID-enabled

supply chain. IEEE/ACM Trans. Netw. 2016, 24, 3551-3564.

. Nayak, R.; Singh, A.; Padhye, R.; Wang, L. RFID in textile and clothing manufacturing:

Technology and challenge. Fash. Text. 2015, 2, 9.

. Brandao, F.B.; Ferreira, J.C.E.; Schwanke, D.; Breier, G.P.; Bove, C.N.; Bove, M.C.; Raposo, A.B.

RFID Technology as a life cycle management tool in the liquefied petroleum gas industry. IEEE
Lat. Am. Trans. 2018, 16, 391-397.

. Nappi, S.; Amendola, S.; Ramacciotti, M.; Zambonini, E.; D’'Uva, N.; Camera, F.; Miozzi, C.;

Occhiuzzi, C.; Marrocco, G. RFID based predictive maintenance system for chemical industry. In
Proceedings of the IEEE International Workshop on Metrology for Industry 4.0 and IoT, Rome,
Italy, 7-9 June 2021.

Motroni, A.; Bernardini, F.; Vaiani, S.; Buffi, A.; Nepa, P. Performance assessment of a UHF-RFID
robotic inventory system for industry 4.0. In Proceedings of the 16th European Conference on
Antennas and Propagation, Madrid, Spain, 27 March—1 April 2022.

Seyfert, R.; Maibaum, M.; Kroll, S. RFID data storage and their key role in exploitation of metallic
second life materials. J. Radio Freq. Identif. 2022, 6, 14-18.

Ruiz-Garcia, L.; Lunadei, L. The role of RFID in agriculture: Applications, limitations, and
challenges. Comput. Electron. Agric. 2011, 79, 42-50.

https://encyclopedia.pub/entry/33725 6/11



Application of Radio Frequency Identification in loT Field | Encyclopedia.pub

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Wasson, T.; Choudhury, T.; Sharma, S.; Kumar, P. Integration of RFID and Sensor in Agriculture
using IOT. In Proceedings of the International Conference on Smart Technologies for Smart
Nation, Bengaluru, India, 17-19 August 2017.

Rayhana, R.; Xiao, G.; Liu, Z. RFID sensing technology for smart agriculture. IEEE Instrum.
Meas. Mag. 2021, 24, 50-60.

Amendola, S.; Lodato, R.; Manzari, S.; Occhiuzzi, C.; Marrocco, G. RFID technology for loT-
based personal healthcare in smart spaces. IEEE Internet Things J. 2014, 1, 144-152.

Catarinucci, L.; Donno, D.; Mainetti, L.; Palano, L.; Patrono, L.; Stefanizzi, M.L.; Tarricone, L. An
loT-aware architecture for smart healthcare systems. IEEE Internet Things J. 2015, 2, 515-526.

Riazul Islam, S.M.; Kwak, D.; Humaun Kabir, M.D.; Hossain, M.; Kwak, K.-S. The internet of
things for health care: A comprehensive survey. IEEE Access 2015, 3, 678-708.

Baker, S.B.; Xiang, W.; Atkinson, I. Internet of things for smart healthcare: Technologies,
challenges, and opportunities. IEEE Access 2017, 5, 26521-26544.

Duroc, Y.; Tedjini, S. RFID: A key technology for humanity. Comptes Rendus Phys. 2018, 19, 64—
71.

Inserra, D.; Hu, W.; Wen, G. Antenna array synthesis for RFID-based electronic toll collection.
IEEE Trans. Antennas Propag. 2018, 66, 4596—-4605.

Kolaja, J.; Ehlerova, J.K. Effectivity of sports timing RFID system, field study. In Proceedings of
the International Conference on RFID Technology and Applications, Pisa, Italy, 25—27 September
20109.

Caizzone, S.; di Giampaolo, E. Passive RFID Deformation Sensor for Concrete Structures. In
Proceedings of the IEEE International Conference RFID Technology and Applications, Tampere,
Finland, 8-9 September 2014.

Caizzone, S.; Di Giampaolo, E.; Marrocco, G. Wireless crack monitoring by stationary phase
measurements from coupled RFID tags. IEEE Trans. Antennas Propag. 2014, 62, 6412—-6419.

Di Natale, A.; di Carlofelice, A.; di Giampaolo, E. A crack mouth opening displacement gauge
made with passive UHF RFID technology. IEEE Sens. J. 2022, 22, 174-181.

Dey, S.; Salim, O.; Masoumi, H.; Karmakar, N.C. A novel UHF RFID sensor-based crack detection
technique for coal mining conveyor belt. IEEE J. RFID 2022, 6, 19-30.

Inserra, D.; Hu, W.; LI, Z,; Li, G.; Zhao, F.; Yang, Z.; Wen, G. Screw relaxing detection with UHF
RFID tag. IEEE Access 2020, 8, 78553—-78564.

Virtanen, J.; Ukkonen, L.; Bjérninen, T.; Elsherbeni, A.Z.; Syddnheimo, L. Inkjet-printed humidity
sensor for passive UHF RFID systems. IEEE Trans. Instrum. Meas. 2011, 60, 2768-2777.

https://encyclopedia.pub/entry/33725 7/11



Application of Radio Frequency Identification in loT Field | Encyclopedia.pub

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Chang, K.; Kim, Y.H.; Kim, Y.J.; Yoon, Y.J. Functional antenna integrated with relative humidity
sensor using synthesised polyimide for passive RFID sensing. Electron. Lett. 2007, 43, 259-260.

Gao, J.; Siden, J.; Nilsson, H.-E.; Gulliksson, M. Printed humidity sensor with functionality for
passive RFID tags. IEEE Sens. J. 2013, 13, 1824-1834.

Amin, E.M.; Bhuiyan, M.S.; Karmarkar, N.C.; Winther-Jensen, B. Development of a low cost
printable chipless RFID humidity sensor. IEEE Sens. J. 2014, 14, 140-149.

Sauer, S.; Fischer, W.-J. An irreversible single-use humidity-threshold monitoring sensor principle
for wireless passive sensor solutions. IEEE Sens. J. 2016, 16, 6920-6930.

Solar, H.; Beriain, A.; Zalbide, I.; D’Entremont, E.; Berenguer, R. A robust —40° to +150 °C
Wireless Rotor Temperature Monitoring System Based on a Fully Passive UHF RFID Sensor Tag.
In Proceedings of the IEEE International Microwave Symposium, Tampa, FL, USA, 1-6 June
2014.

Rima, S.; Georgiadis, A.; Collado, A.; Goncalves, R.; Carvalho, N. Passive UHF RFID Enabled
Temperature Sensor on Cork Substrate. In Proceedings of the IEEE International Conference
RFID Technology and Applications, Tampere, Finland, 8-9 September 2014.

Zannas, K.; El Matbouly, H.; Duroc, Y.; Tedjini, S. Self-tuning RFID tag: A new approach for
temperature sensing. IEEE Trans. Microw. Theory Tech. 2018, 66, 5885-5893.

Zhang, J.; Tian, G.Y. UHF RFID tag antenna-based sensing for corrosion detection &
characterization using principal component analysis. IEEE Trans. Antennas Propag. 2016, 64,
4405-4414.

Zhao, A.; Zhang, J.; Tian, G.Y. Miniaturization of UHF RFID tag antenna sensors for corrosion
characterization. IEEE Sens. J. 2017, 17, 7908-7915.

Bouzaffour, K.; Lescop, B.; Talbot, P.; Gallée, F.; Rioual, S. Development of an embedded UHF-
RFID corrosion sensor for monitoring corrosion of steel in concrete. IEEE Sens. J. 2021, 21,
12306-12312.

Manzari, S.; Marrocco, G. Modeling and applications of a chemical-loaded UHF RFID sensing
antenna with tuning capability. IEEE Trans. Antennas Propag. 2014, 62, 94-101.

Manzari, S.; Catini, A.; Pomarico, G.; Di Natale, C.; Marrocco, G. Development of an UHF RFID
chemical sensor array for battery-less ambient sensing. IEEE Sens. J. 2014, 14, 3616-3623.

Amin, E.M.; Saha, J.K.; Karmakar, N.C. Smart sensing materials for low-cost chipless RFID
sensor. IEEE Sens. J. 2014, 14, 2198-2207.

Wagih, M.; Shi, J. Wireless ice detection and monitoring using flexible UHF RFID tags. IEEE
Sens. J. 2021, 21, 18715-18724.

https://encyclopedia.pub/entry/33725 8/11



Application of Radio Frequency Identification in loT Field | Encyclopedia.pub

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Zannas, K.; El Matbouly, H.; Duroc, Y.; Tedjini, S. A flipping UHF RFID sensor-tag for metallic
environment compliant with ETSI and FCC bands. IEEE Trans. Antennas Propag. 2021, 69,
1283-1292.

Panunzio, N.; Occhiuzzi, C.; Marrocco, G. Propagation modeling inside the international space
station for the automatic monitoring of astronauts by means of epidermal UHF-RFID sensors.
IEEE J. RFID 2021, 5, 174-181.

Colella, R.; Tarricone, L.; Catarinucci, L. SPARTACUS: Self-powered augmented RFID tag for
autonomous computing and ubiquitous sensing. IEEE Trans. Antennas Propag. 2015, 63, 2272—
2281.

Tedjini, S.; Andia, G.; Zurita, M.; Freire, R.C.S.; Duroc, Y. Augmented RFID Tags. In Proceedings
of the IEEE Radio and Wireless Week: IEEE Topical Conference on Wireless Sensors and
Sensor Networks, Austin, TX, USA, 24-27 January 2016.

Zannas, Z.; El Matbouly, H.; Duroc, Y.; Tedjini, S. Augmented RFID tags: From identification to
sensing. In Wireless Power Transmission for Sustainable Electronics; Carvalho, N.B., Georgiadis,
A., Eds.; John Wiley & Sons: Hoboken, NJ, USA, 2020; pp. 223-246.

Occhiuzzi, C.; Caizzone, S.; Marrocco, G. Passive UHF RFID antennas for sensing applications:
Principles, methods, and classifications. IEEE Antennas Propag. Mag. 2013, 55, 14-34.

Occhiuzzi, C.; Marrocco, G. Constrained-design of passive RFID sensor antennas. IEEE Trans.
Antennas Propag. 2013, 61, 2972—-2980.

Catarinucci, L.; Colella, R.; Patrono, L.; Tarricone, L. Enhanced UHF RFID sensor-tag. IEEE
Microw. Wirel. Compon. Lett. 2013, 23, 49-51.

Grosinger, J.; Bosch, W. A passive RFID sensor tag antenna transducer. In Proceedings of the
European Conference Antennas and Propagation, The Hague, The Netherlands, 6—11 April 2014.

Abdulhadi, A.E.; Abahri, R. Multi-port UHF RFID tag antenna for enhanced energy harvesting of
self-powered wireless sensors. IEEE Trans. Ind. Inform. 2015, 12, 801-808.

Costanzo, A.; Masotti, D.; Fantuzzi, M.; Del Prete, M. Co-design strategies for energy-efficient
UWB and UHF wireless systems. IEEE Trans. Microw. Theory Tech. 2017, 65, 1852—-1863.

Andia Vera, G.; Nawale, S.; Duroc, Y.; Tedjini, S. Read range enhancement by harmonic energy in
passive UHF RFID. IEEE Microw. Wirel. Compon. Lett. 2015, 25, 627—-629.

Sample, A.P.; Yeager, J.; Powledge, P.S. Design of an RFID-based battery-free programmable
sensing platform. IEEE Trans. Instrum. Meas. 2008, 57, 2608—-2615.

De Donno, D.; Catarinucci, L.; Tarricone, L. A battery-assisted sensor-enhanced RFID tag
enabling heterogeneous wireless sensor networks. IEEE Sens. J. 2014, 14, 1048-1055.

https://encyclopedia.pub/entry/33725 9/11



Application of Radio Frequency Identification in loT Field | Encyclopedia.pub

56.

57.
58.
59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

UHF RFID Gen2 SL900A Sensory Tag IC. Available online: http://ams.com (accessed on 29
August 2022).

EasyToLog RFID Tag. Available online: http://www.caenrfid.it (accessed on 29 August 2022).
SensTAG RFID Tag. Available online: http://www.phaseivengr.com (accessed on 29 August 2022).

Islam, M.M.; Rasilainen, K.; Viikari, V. Implementation of sensor RFID: Carrying sensor
information in the modulation frequency. IEEE Trans. Microw. Theory Tech. 2015, 63, 2672—-2681.

Talla, V.; Smith, J.R. Hybrid Analog-Digital Backscatter: A New Approach for Battery-Free
Sensing. In Proceedings of the IEEE International Conference RFID, Orlando, FL, USA, 30 April-
2 May 2013.

El Matbouly, H.; Zannas, K.; Duroc, Y.; Tedjini, S. Analysis and assessments of time delay
constraints for RFID tag-sensor communication link. IEEE Sens. J. 2017, 17, 2174-2181.

Caizzone, S.; Di Giampaolo, E.; Marrocco, G. Setup-independent phase-based sensing by UHF
RFID. IEEE Antennas Wirel. Propag. Lett. 2017, 16, 2408-2411.

RAIN RFID. Available online: https://rainrfid.org/healthcare/ (accessed on 22 August 2022).

Ramos, V.; Suarez, O.J.; Febles Santana, V.M.; Suarez Rodriguez, D.S.; Aguirre, E.; De Miguel-
Bilbao, S.; Marina, P.; Lopez-Calleja, L.E.R.; Hernandez-Armas, J.A. Electromagnetic
characterization of UHF-RFID fixed reader in healthcare centers related to the personal and labor
health. IEEE Access 2022, 10, 28614-28630.

Nappi, S.; Gargale, L.; Naccarata, F.; Valentini, P.V.; Marrocco, G. A fractal-RFID based sensing
tattoo for the early detection of cracks in implanted metal prostheses. IEEE J. Electromagn. RF
Microw. Med. Biol. 2022, 6, 29-40.

Malik, N.A.; Sant, P.; Ajmal, T.; Ur-Rehman, M. Implantable antennas for bio-medical applications.
IEEE J. Electromagn. RF Microw. Med. Biol. 2021, 5, 84-96.

Chavez-Santiago, R.; Sayrafian-Pour, K.; Takizawa, K.; Wang, J.; Balasingham, I.; Li, H.-B.
Propagation models for 802.15.6 standardization of implant communication in body area
networks. IEEE Commun. Mag. 2013, 5, 80-87.

Pei, J.; Fan, J.; Zheng, R. Protecting wearable UHF RFID tags with electro-textile antennas. |IEEE
Antennas Propag. Mag. 2021, 51, 43-50.

Lejarreta-Andrés, J.; Melia-Segui, J.; Bhattacharyya, R.; Vilajosana, X.; Sarma, S.E. Towards low-
cost RF-based bulk fabric classification for the textile industry. IEEE Sens. J. 2022, 16, 16586—
16594.

Dang, Q.H.; Chen, S.J.; Ranasinghe, D.C.; Fumeaux, C. Modular integration of a passive RFID
sensor with wearable textile antennas for patient monitoring. IEEE Trans. Compon. Packag.

https://encyclopedia.pub/entry/33725 10/11



Application of Radio Frequency Identification in loT Field | Encyclopedia.pub

Manuf. Technol. 2020, 10, 1979-1988.

71. Horne, R.; Batchelor, J.C. A framework for a low power on body real-time sensor system using
UHF RFID. IEEE J. RFID 2020, 4, 391-397.

72. Benouakta, S.; Hutu, F.; Duroc, Y. UHF RFID temperature sensor-tag integrated into a textile
yarn. Sensors 2022, 22, 818.

73. Lin, J.C. Mobile-phone RF/Microwave exposure and memory performance score in adolescents.
Radio Sci. Bull. 2018, 366, 32—35.

Retrieved from https://encyclopedia.pub/entry/history/show/78879

https://encyclopedia.pub/entry/33725 11/11



