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Abstract: In the next future we will be surrounded in our daily lives by a multitude of small, relatively 

inexpensive computing devices, equipped with wireless communication and sensing featuring the 

concept of “pervasive intelligence”, a basis from which we can envision our future world as an 

Internet of Everything (IoT/IoE), in terms of both a consumer IoT/IoE and the Industrial IoT. Indeed 

IoT is a technological paradigm with boundless application potentials and it is increasingly 

becoming a reality able to improve the competitiveness of businesses, the efficiency of public 

administrations and the quality of life.  

Over the last few years, numerous IoT-inspired systems have been developed and the applied 

fields have expanded and profoundly evolved: smart home, smart building, smart metering, 

smart factory, smart cars, smart city, and so on with smart environment, smart agriculture, 

smart logistics, smart lifecycle, smart retail and smart health. One of the key desired 

characteristics of an IoT wireless sensor node is its capability to operate autonomously from 

energy harvesting (EH) rather than relying on bulky batteries, which have a limited lifetime. 

Furthermore, for many of the above-mentioned scenarios, wearable solutions are foreseen to 

further increase the pervasive diffusion of the IoT paradigm, enabling a multitude of devices 

and individuals connected to each other.  

The keywords for the development of successful RF autonomous systems, possibly wearable, 

are the following: 

- non-intrusiveness: users must be able to carry out their activities without limitation 

caused by the wireless device;  

- seamless integration with wearable accessories and clothes; 

- sensing and localization: the device must be localized and equipped with one or more 

sensors; wireless connectivity, by means of ultra-low power solutions; 

- energy autonomy: the device must guarantee a long energy autonomy, possibly over 

its lifetime. 

- human-centered design: fundamental for the success of wearable devices, whose main 

purpose should be to optimize the user experience. 

Non-intrusiveness and seamless integration into wearable accessories and garments, require 

creative manufacturing techniques and unconventional materials, such as flexible ones, to  

adapt to the soft curves of a human body or an object or textiles able to integrate the IoT 

devices into clothing, subjected to washing and ironing operations. [1]. Another strategy is to 

develop devices that can be applied directly to the skin like patches, the so-called “epidermal 

electronics”[2]-[5]. 
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Energy-autonomy is certainly a fundamental enabling technology for the IoT paradigm, and 

it is currently demonstrated by many RF wireless systems based on either fully passive 

devices or active ones, exploiting “on-demand” wireless power transfer or energy scavenging 

technologies.  

For passive wireless systems, an attractive solution is the chip-less technology, that has been 

firstly exploited for radio-frequency identification  (RFID).  Recently it  has been 

demonstrated for  sensing and localization purposes with a high level of integrability into 

wearable garments or accessories.  Indeed the absence of chips and electronic components 

makes this approach particularly suitable for being integrated into garments, using conductive 

textile materials (threads or fabrics), thus resulting in devices that can be washed and ironed. 

As per energy autonomous devices, based on WPT or energy harvesting, can include chips or 

electronic circuitry not only for RF-to-DC conversion purposes but also for implementing 

sensing and localization activities.  

In this paper an overview of some recently proposed energy autonomous wearable devices 

exploiting, both the approaches describe above are presented. The emphasis will be dedicated, 

but not limited to, devices fabricated using textile or flexible materials. 

  

 

Electromagnetic-Based Energy Harvesting systems 

The first topologies of RF passive systems that are described in this work are based on 

Electromagnetic energy harvesting. The systems are derived both on substrates dedicated to 

RF applications, to achieve good performance even in the presence of low received power, 

but also on daily-use materials such as paper or even clothes [6]. 

Although the presented works describe innovative implementations that contribute to make 

each of them unique, the common thread remains the presence of a circuitry, which can either 

be a simple chip, as in RFID devices, or a customized implementation, exploiting microstrip 

technology [7]. As anticipated in the introduction, many are fields in which devices powered 

by energy harvesting can find suitable applications, as it is described in the following. 

Harmonic Tag 

Exploiting harmonic power harvesting has been found to be an interesting technique to be 

applied within RFID sensor tags applications [8],[9]. These tags are not exploited for 

identification purposes only, but they can also be equipped with sensors to perform a more 

thorough analysis of the environment in which they are located [10-12]. The basic operating 

principles rely on the generation of a backscattered signal at one or more higher harmonics 

with respect to the received one. This principle has been exploited to overcome some issues 

related to RFID system which may be vulnerable to clutter noise or self-jamming during 

multiple reader setup [13]   

In [14], a paper-based harmonic tag transponder is presented. The antenna is designed as an 

annular slot antenna tuned to receive an RF signal transmitted by the reader at the fundamental 

frequency 𝑓0 of 1.2 GHz and transmit a 2𝑓0 signal generated by a frequency multiplier. A 

schematic representation of the system is reported in Figs.1, together with the photo of the 

prototype. 
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(a) 

 
(b) 

Fig.1 (a) Schematic description of the harmonic tag. (b) photo of the front and back view of 

the prototype [14] 
 

The antenna is designed by means of full-wave simulations and performs good matching for 

both the operating frequencies, experiencing a -10dBm fractional bandwidth of 22% for 𝑓0 

and 12% for 2𝑓0, while maintaining a good decoupling. The second harmonic is generated by 

means of a Schottky diode HSMS-2850 operating as a frequency doubler, connected to the 

antenna through a matching network. As the circuit schematic in Fig 1b shows, the two 

meandered quarter-wave stubs are used as harmonic filter, allowing only the fundamental 

frequency to flow into the diode. An LC high-pass filter on the diode output guarantees a load 

impedance at 2𝑓0 while offering a negligible resistive component at  𝑓0. With this design, the 

whole signal at 𝑓0 is used to activate the diode, whereas a maximum power transfer to the 

load is guaranteed only for the 2𝑓0. Experimental validations are carried out using a reader 

equipped with a circularly polarized antenna, to avoid degradations due to tag-reader 

misalignment. For a transmitted power of 11 dBm, the maximum reading range is found to 

be around 4 m, showing good agreement with the expected performance, as described in Fig.2, 

where “meas 1” and “meas 2” refer to a tag aligned to on the horizontal and vertical 

polarization orientation of the antenna respectively. 

 
Fig.2 Measured and simulated results for the proposed system, for a 11 dBm transmitted 

power [14]. 
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The compactness and the energy autonomy of this system makes it suitable to be applied in 

modern IoT scenarios, fulfilling some of the most important requirements such as energy 

autonomy, miniaturization, and lightness. 
 

Energy harvesting systems for localization-purposes 

Indoor positioning system (IPS) is considered one the new developing technologies of these 

last years, and the methods adopted for its actuation are several and different; in that sense, 

the use of UWB (typically backscattered) signals [15] seems to be well promising because of 

the exploitation of a very large range of frequencies allowing to avoid possible effects of 

fading and shadowing that could occur with high probability in indoor environments at certain 

frequencies, at the same time, these procedures need reference nodes for a safe 

implementation of the signal processing technique to obtain centimeter-level localization. 

Battery-less UWB tags with on-board ultra-low power UWB pulse generator chips have been 

recently demonstrated for localizing objects in space [16], but similar performance can be 

reached with the chipless solution presented in [17], where the multi-sine excitation at UHF, 

normally adopted for increasing the rectifier RF-to-dc efficiency only [18], is exploited for 

two different goals: 1) energy harvesting, by converting energy from RF to dc and 2) passive 

generation of a quasi-UWB impulse by backscattering the intermodulation products of the 

same multi-sine excitation, that are normally filtered out and wasted. Fig. 3 represents the 

passive, battery-less UWB tag concept [17].  

Fig. 4 shows the circuit schematic of the UWB tag: it consists of a standard rectenna designed 

for energy harvesting purposed at UHF (centered at 871.5 MHz), with a frequency-

multiplexing output section consisting of the dc path and a UWB one which is connected to 

a UWB antenna radiating the IM products (in the lower UWB European bandwidth: 2 GHz – 

6 GHz) generated by the rectifier itself.  

 
Fig.3 Passive, battery-less UWB tag concept. 
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Fig.4 Circuit schematic of the UWB tag. 

    

The presented system is interposed between a multisine UHF transmitter and multiple UWB 

receivers. The tag localization is performed by processing the time difference-of-arrival 

(TDOA) between the signal that is backscattered by the tag received by the anchor nodes. 

When the anchor node representing the localization receiver (Rx) is close to the tag (i.e., 1 

m), the algorithm selects the 3rd, 4th and 5th harmonics as useful components. 

 
Fig. 4 Power spectrum generated by a UHF excitation made by four-tones [17]. 

 

 Differently, when the tag is farther (i.e., 4 m), the 5th harmonic is discarded since it is too 

much corrupted by noise. With the smaller bandwidth of the multisine excitation (500 kHz), 

a high-accuracy (error below 20 cm) can be reached up to tag-Rx distance of 8 m for an 

observation time Tobs= 200 ms, and up to 12 m for Tobs=500 ms, while with the larger 

bandwidth (2 MHz) up to 12 m and 16 m, respectively. The estimated root-mean-square error 

for increasing tag-RX distances in shown in Fig. 5. 
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Fig. 5 RMSE estimation considering two different bandwidth, 500 KHz and 2 MHz 

respectively 

 

One of the interesting aspects of this solution [17] is the implementation of the multisine 

excitations within the circuit simulation of the whole system, which has allowed to perform 

accurate circuital simulations reducing the overall requested computational time. The 

multitone excitations have been represented as higher harmonics of the same fundamental 

frequency, which corresponds to the tones spacing. With this approach, the multi-sine non-

linear analysis is carried out as a single-tone analysis with a very large number of harmonics 

instead of a multi-tone one, thus allowing a large number of tones to be accounted for with a 

much faster simualtions, especially for increasing number of tones as summarized in the table 

of Fig. 6. 

 
Fig. 6 Computational time requested for circuital simualtions in the case of quasi-periodic and 

periodic regime. 
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It has been demonstrated that tones spacing is a crucial design parameter for improving the 

localization capabilities, the higher the tones spacing the better is the localization accuracy. 

Simulations have then led to optimizations aimed to quantify the number of tones and the 

frequency spacing ∆𝑓  to be used to obtain the highest harmonic content.                             
As it can be noticed from the plots of Figs. 7 an enlargement of the harmonic content can be 

achieved by increasing the frequency spacing ∆𝑓. 

 

 
Fig.7 Power spectral line for the fourth and fifth harmonic for the UHF signal when the 

frequency spacing is increased [17]. 

 

Passive sensing by exploiting wearable RF energy harvesting.  

 

Another field in which energy harvesting techniques are implemented, which is raising more 

and more interest nowadays, is the wearable one related to the biomedical environment. The 

advanced technology in the biomedical sector has led to the realization of an enormous 

number of wearable sensors for real-time monitoring [19] and identification of patients inside 

the hospital environments [20] or remotely. Having wireless technologies largely accessible 

has allowed to identify multiple available RF power sources that can be exploited to power 

sensors both in indoor and outdoor environments. In [21] a low-power passive tag performing 

pervasive monitoring of patient’s vital parameters such as the phonocardiogram (PCG) is 
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implemented, and wirelessly powered. A schematic description is reported in Fig. 8. The 

system is able to read multiple-sensor information and generates alarms, in case of patient 

emergency. 

 

  
(a) 

 
(b) 

Fig. 8 (a) Pictorial representation of the RF passive tag and (b) block diagram of the chip [21]. 

 

 
(a) 

 
(b) 

Fig. 9 Photo of the proposed energy autonomous system (a) patch antenna dedicated to the energy 

harvesting and (b) stub embedding the microfluidic and rectifier circuitry [25]. 
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The system is powered by an external transmitter operating at 900 MHz and transferring 4W 

of equivalent isotropic radiated power (EIRP). The available power is estimated for increasing 

distances of the tag from the transmitting antenna, showing that the operating range is limited 

to 3 m for the 2.4 GHz operating frequency, and to 12 m for the 900 MHz one. Experimental 

validations have shown a 15−𝜇𝑊 output power for an operating distance of 1.3 m from the 

TX antenna transmitting 800 mW EIRP at 800 MHz; with an increased TX power the 

operating distance can be extended up to 7 m. A small microphone for the PCG has been used 

as primary actuator and the 15 𝜇𝑊 received power is sufficient to run both the chip and the 

microphone at a bias current of 30 𝜇𝐴 at the 1.3 m distance. Data are sent from the tag to the 

base station through backscatter modulation, allowing the tag to operate in low-power 

condition and thus being a suitable system to be powered wirelessly. 

Energy harvesting can also be implied to power wearable devices dedicated to the detection 

of specific fluids or material. In [22] an energy autonomous filtering antenna (filtenna) 

operating at 2.45 GHz is used to perform a wireless detection of the presence of ethanol 

solution on the hand surface, for checking the correct hand sanitizing procedures. 

The entire system is derived on a Rogers substrate RT/Duroid 5880, whose flexibility and 

thickness make it suitable for wearable applications, as shown in Fig. 9. The sensing area 

consists of a microstrip open stub embedding a microfluidic channel at its open end; the stub 

is tuned to resonate at 2.45 GHz operating frequency when a given target ethanol solution is 

filling the channel. When any other fluid is present the stub is detuned. To enhance frequency 

selectivity, the stub is placed in substitution of one open end of a 2- section coupled line filter 

allowing the systems to act as a selective detector only in the presence of that specific ethanol 

solution made of 70% ethanol and 30% water. The power received by the system patch 

antenna activated the sensing and it is then transduced by a rectifier circuit and read as 

different dc-output voltage levels. The detector, which can be worn as a bracelet is fully 

activated by an external 2.45 GHz-RF source avoiding the need for batteries and the system 

readout for different levels of received power is depicted in Fig.10 . 

 
Fig. 10. Dc-output voltage levels for different received power in the presence of different fluids 

filling the channel [22]. 
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CHIPLESS 

RFID chipless technology is an attractive technological solution for developing passive 

sensors and devices that can be seamlessly integrated into wearable accessories and clothes. 

 
(a)                                                                                          (b) 

Figure 11: Possible architectures of a chipless RFID system. (a) The reader and the tag are 

equipped with two cross-polarized antennas. (b) The tag consists of a reflective frequency 

selective surface. 

 

Chipless sensors provide various advantages such as potentially infinite service-life, low-

cost, low environmental impact, and robust performance in harsh scenarios, where 

integrated circuits (IC) could be damaged [23]-[27]. 

The general architecture and working mechanism of chipless RFID are the same of all RFID 

systems: a Reader is wirelessly connected to one or more tags. The reader is the interrogator 

and data collector: it transmits an RF signal and receives back the sensed data in the form of 

a signal scattered by the tag. The collected data are processed by the reader [28]-[30].  

However, with respect to chipped tags, in chipless tags the decoding of the identifier (or that 

of the sensed data) is completely different. In chipless RFID, there is no communication 

protocol. The tag is a completely passive device and does not contain any electronic circuitry 

or chip, it does not embed any power recovery system or transceiver. The decoding of the 

data takes place exclusively from the analysis of the signal (phase and amplitude) scattered 

by the tag. 

 

In this regard, different encoding techniques have been proposed in the literature for chipless 

RFID. Depending on the domain (frequency or time) adopted for the analysis of the scattered 
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signal, two main categories can be identified: time domain reflectometry (TDR)-based tags 

and spectral signature-based tags [30].  

 

In TDR-based systems [31], the information is encoded in the time domain; they are mostly 

based on surface acoustic wave (SAW) technology and exploit an electro-acoustic transducer 

connected to an antenna as tag.  

In spectral signature-based systems the data is encoded in the frequency domain, they are 

mostly based on resonant structures and the sensed data is encoded by the presence/absence 

of resonance peaks in the signal scattered by the tag. As illustrated in Fig. 11, two different 

architectures can be used: 1) retransmission-based, and 2) backscattered-based. 

In retransmission-based architectures, the tag and the reader are equipped with two cross-

polarized antennas. In these schemes the tag consists of a two-port device that implements the 

codification and is connected to the two cross-polarized antennas. In backscattered-based 

architectures the tag consists of a reflective frequency selective surface and does not integrate 

any antenna, the information is decoded by analyzing the signal scattered by the tag. In both 

architectures, an ultra-wide band signal is used for interrogation. 

With regard to wearable applications, wearable chipless tags have been proposed in [32]-

[39]. In particular, in [32]-[38] chipless tags fabricated by using textile materials have been 

presented; while, in [39]-[40] chipless tags fabricated on a flexible substrate have been 

proposed. 

 

TEXTILE CHIPLESS TAGS using conductive fabrics 

As already mentioned, an effective approach for developing devices that can be integrated 

into clothing consists in using suitable textile materials. Some examples of fully-textile 

chipless tags have been presented in [32]-[38]. 

In [35] two textile chip-less tags to be used as touch sensors have been presented. 

The two tags were fabricated by using a layer of pile as substrate (thickness equal to 0.5 mm, 

and relative dielectric permittivity equal to 1.18) and an adhesive non-woven conductive 

fabric (NWCF) for all the conductive parts. A cutting plotter was used to shape the NWCF. 

 

The NWCF is an excellent material for the fabrication of textile devices, it has an electrical 

conductivity equal to 2.27 × 105 S/m and a thickness equal to 0.11 mm. Additionally, this 

fabric has good performance in terms of robustness with respect to washing and ironing and 

can be shaped by hand or by using a cutting plotter [41]-[43]. The geometry and photographs 

of the tags are given in Fig. 16: 

 

The tag illustrated in Fig. 16a is a 2-bit multi-resonator chipless tag. It consists of a microstrip 

line having two resonators slotted on the ground plane. The number of bits that are available 

for encoding is determined by the number of resonators (for the analyzed tag it is equal to 2). 

The resonators on the ground plane introduce a zero in the transmission coefficient of the 

microstrip line (i.e., a minimum in the amplitude of the scattering parameter S21 of the 

microstrip line).  
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By designing the resonators so that they have different and distinguishable frequencies of 

resonance distributed in the operating band, it is possible to associate the presence of a zero 

in the transmission coefficient of the microstrip line to a specific resonator. 

Furthermore, a specific resonator can be "deactivated" by short-circuiting with a finger, as 

shown in Fig. 16e. In this way, each resonator can be used as a coding bit with two possible 

logic states "0" and "1". For a tag using n resonators, when the resonators are all active, the 

microstrip line will have n transmission zeros (all bits in the logic state "1"). By short-

circuiting one resonator, the associated transmission zero disappears and the corresponding 

bit turns to the logic state “0” (see Fig. 16e-16f). In this way the tag can be used as a touch 

sensor: when a finger touches one resonator, it deactivates it and modifies its logical state 

from “1” to “0” (see the photograph in Fig. 16e-16f). 

 

 
(a)                                                           (b) 

 

 

 
                                           (c)                                                             (d) 
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(e)                                                               (f) 

Figure 16: Chipless tags presented in [35]. (a), (b) Geometry of the tags. (c), (d) Front and 

back view of the fabricated prototypes. (e) How to deactivate the resonators of the tag in (a) 

and corresponding logic state. (f) Results obtained when using the tag as touch sensor.  [35] 

 

 

 

 

 
 

Figure 17. Regarding the wireless connection with the reader, a possible solution for the two 

cross-polarized antennas has been suggested in [32]. It consists of two microstrip-fed 

monopoles on a ground plane connected to the tag as illustrated in Fig. 3. 

 

 

As per the tag illustrated in Fig. 16b, it is based on the frequency shift coding technique. It 

consists of a microstrip line with a hairpin resonator slotted on the ground plane. The hairpin 

resonator introduces a transmission zero on the transmission coefficient of the microstrip line. 

When the finger touches the hairpin resonator, as illustrated in Fig. 18, it short-circuits some 

fingers of the resonator and consequently leads to a frequency shift of the transmission zero. 

In this case, the position of the finger on the resonator can be recognized by the frequency 

position of the transmission zero. This behavior is illustrated in Fig. 18.  
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Figure 18: Results obtained when using the tag illustrated in Fig. 2b as touch sensor. 

 

 

In [36] a chipless tag for gesture recognition applications is presented; similarly, to the tags 

illustrated in Fig. 16, the materials adopted for fabrication are pile as the dielectric substrates 

(a layer with a thickness of 1 mm has been used) and the NWCF for the conductive parts. 

A photograph of the tag applied on a glove is illustrated in Fig. 19a. The tag consists of a 

stub-loaded microstrip line. The stubs are open-ended quarter-wave resonators with different 

lengths and are separated from the microstrip line by a small gap.  

When the tag is stretched out, the stubs are not electrically connected to the microstrip line 

and there are no zeros in the transmission coefficients. By bending one of the stubs in such a 

way that the corresponding stub-line gap is short-circuited, an electrical contact is established 

between the microstrip line and the stub. At the resonant frequency at which the stub length 

is equal to /4, the stub behaves as an impedance inverter transforming its open-circuit load 

into a short-circuit load for the microstrip line, thus leading to the presence of a transmission 

zero. Accordingly, by positioning the tag on a glove as illustrated in Fig. 19a, the bending of 

a specific finger can be recognized by the presence/absence of the transmission zero 

corresponding to that finger. 

The results obtained for a three-finger prototype are reported and discussed in [36]; a 

photograph is given in Fig. 19b. In this prototype the electric contact due to the bending of 

the fingers is optimized by the presence on the microstrip line of a small fleece cylinder coated 

with the conductive fabric at the stub positions.  

 

 

 

 

 
(a)                                     (b) 
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(c) 

Fig. 19 : (a) Application of the tag presented in [36] on a glove. (b) Three-finger prototype 

analyzed in the paper. (c) Experimental results referring to the three-finger prototype [36]. 

 

The results obtained for different position of the fingers are illustrated in Fig. 19c. As it can 

be seen the position of the fingers (bent or straight) can be recognized from the inspection of 

the transmission coefficient of the microstrip line. 

Two planar monopoles suitable to be integrated with the tag for the wireless communication 

with the reader have been conceived in [36] and are shown in the photo of Fig. 20a positioned 

on the hand.  

 

According to the retransmission architecture of chipless tags, in order to exploit the device 

for gesture recognition applications, a reader having two cross-polarized antennas has to be 

used.  In [36] the part of the system relating to the reader (both hardware and processing 

software) is not developed, but preliminary communication tests are presented. In more detail, 

experimental tests for evaluating the communication with the reader were performed by 

integrating one of the two antennas into the tag as a receiving antenna (see Fig. 20a) and using 

the other as the transmitting one (i.e., as the transmitting antenna of the reader).  The achieved 

results are illustrated in Fig. 20b and refer to a distance between the two antennas of 60 cm. 

According to these results, a reading distance of the order of a few meters or better is expected 

with a suitable design of the reader. In fact, for the reader there are no size restrictions, in the 

final device high gain antennas can be used for the reader side. Additionally, the reading 

distance can be improved by using a customized post-processing of the received signal.  

 

 
(a) 
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(b) 

Figure 20: (a) Antennas proposed in [36] for implementing the wireless communication 

between the tag and the reader. (b) Results obtained by using one of the antennas illustrated 

in Fig. 20a integrated with the tag and the other one as transmitting antenna (the measured 

data refer to a distance between the two antennas of 60 cm). 

 

 

Embroidered fully-textile tags 

Another approach for the fabrication of wearable devices with a high level of integrability in 

common garments consists in using conductive threads and to embroider the device on 

common textile materials (cotton, fleece, jeans, etc.). 

Two chip-less tags based on this approach have been presented in [37],[38]. 

In [37] an embroidered tag fabricated by using a silver-coated polyamide conductive fiber 

(HC12) on a cotton substrate and a commercial embroidery system has been presented. The 

tag exploits a frequency selective surface consisting of concentric octagonal aperiodic loops 

(see Fig. 21). A 4-bit tag is obtained by using six concentric octagonal loop resonators. The 

encoded data bits are obtained by Radar Cross Section (RCS) measurements. Experimental 

data by placing the tag at a distance of about 1 cm from the human body are reported and 

analyzed (see Fig. 21) by demonstrating a reading range of 180 cm. 
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Figure 21: Embroidered tag presented in [37].  

 

In [38] an electro-thread plated with silver is used to embroider three scatters on a cotton 

textile. In the proposed approach, the presence of a zero in the radar cross section of the tag 

is related to the presence of a specific resonator. The paper demonstrates the proposed 

approach for a three scatters device corresponding to a three-bit tag. The results are given in 

Fig. 22. Measured data reported in Fig. 8 were obtained in un unshielded environment by 

using a horn antenna for the reader and by placing the tag at a distance of 20 cm from the horn 

aperture. 

 

 
Figure 22: Embroidered tag presented in [38]. 

 

Tags on a flexible support 

Another approach suitable for obtaining devices that can be applied to the body by adapting 

to its soft curves consists in using flexible materials as substrate. 
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Based on this approach, a chipless tag for gesture recognition has been presented in [39]. The 

proposed device exploits resonators which vary their resonant frequency as a function of the 

induced strain. For obtaining a such behaviour, a stretchable silicone-based electrically 

conductive adhesive (silo-ECA) was used for the conductive parts of the tag, while a silicone 

elastomer was used as substrate. In this way a flexible and very thin device is obtained that 

can be applied on the hand acting like a "smart skin". 

 

 
Figure 23: The tag on a stretchable substrate presented in [39]. 

 

In [44] a mm-wave chipless sensing sticker has been presented. The proposed tag consists of 

a Van-Atta reflectarray. In addition to the tag, a high-performance reading system based on 

polarimetric interrogation, and a time-frequency data processing scheme is also presented and 

discussed. 

The system operate in the Ka-band and a reading range of 30 m is demonstrated. 

A photograph of the fabricated tag is illustrated in Fig. 24a, it is inkjet printed by using a 

silver nanoparticle ink on a low-cost Kapton HN polyimide substrate. In Fig. 24c the setup 

adopted for measurements is shown, while in Fig. 24d the spectrogram measured for a 

distance of 30.5 meters is shown. 

 

 
(a)                                                   (b) 
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(c)                                                                  (d) 

Figure 24: Tag presented in [44].  (a) Photograph of the tag based on a Van-Atta reflectarray; 

(b) schematic representation of the reading system based on polarimetric interrogation; (c), 

(d) measurements setup and measured spectrogram when the reader and the tag are at a 

distance of 30.5 m. 

 

 

 

 

 

CONCLUSIONS 

This article has reviewed some recent systems whose main feature the energy autonomy 

is. Several applications have been described subdividing the topic into two categories: energy-

harvesting-based systems, embedding the circuit which can store the energy received to self-

sustain its operations, and chipless systems whose operations do not rely on an active chip 

but on the microwave characteristics of their passive circuits layouts and can be fully realized 

using textiles material and embedded in garments.  

These systems can find suitable applications in modern IoT implementations where the 

need of wearable sensors for multiple purposes, such as localization, remote monitoring of 

patients, environment quality control is of paramount importance and interest. Indeed energy- 

autonomy systems allows to avoid the use of batteries as well as the destructive impact on the 

overall pollution that the disposal of such batteries implies. The energy is provided wirelessly 

to the receiving wearable tag through electromagnetic waves and either used to power some 

sensors or backscattered to the source for signal processing, as in the case of the chipless 

systems. 
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