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Abstract—An epidermal RFID sensor consists of a flexible antenna provided with a radiofrequency identification and sensing
microchip directly stuck over the human skin by means of a submillimeter bio-compatible membrane. A compact-size epidermal
RFID thermometer is here proposed and extensively experimented concerning its electromagnetic and thermal performance
in case of battery-less and battery-assisted configurations. The
antenna element embeds a mechanism for a post-manufacturing
frequency retuning in order to adapt its response to the specific
placement over the body. When attached over the skin the sensor
is readable from up to 0.7 m in battery-less mode and 2.3 m
in battery-assisted mode. A calibration procedure improved the
accuracy of the IC sensor down to 0.18°C. The time constant
evaluated by the first-order response of the IC to impulse
heating (photo-flash) resulted in 4.3 s. The epidermal wireless
thermometer was experimented in both supervised applications
(manual reading) and in un-supervised architectures where users
were continuously monitored by a fixed remote antenna or during
the crossing of a surveillance gate. In all the considered cases, the
reliability of the interrogation link was experimentally quantified
and resulted robust for health monitoring applications in clinical
and domestic settings and even for the automatic detection of
anomalous temperature peaks of people walking within airports
and at country border crossing.
Index Terms—Radiofrequency Identification, RFID tags, Wearable sensor, wireless sensor, Body sensor network, UHF antennas.

I. I NTRODUCTION
1

The knowledge of the surface temperature of the human
body is a powerful tool to detect and even foresee diseases
or altered health conditions. Increased local skin temperature
is a classic sign of wound infection, repetitive trauma, and
deep inflammation which can be used as early predictor of
chronicity before apparent changes of the injured tissues are
observed [1], [2]. The occurrence of sleepiness/wakefulness
cycles are closely related to the circadian variations of skin
temperature which show anomalous trends in subjects affected
by sleeping disorders (insomnia, narcolepsy) [3]. Skin-surface
temperature measurements are usually performed throughout perioperative procedures to assess the thermoregulatory
effects of anesthetic drugs and prevent hypothermia during
1 Manuscript submitted on April 5th , 2016. Authors are with the Pervasive
Electromagnetic Lab, Department of Civil Engineering and Informatics Engineering, University of Roma Tor Vergata, Via del Politecnico, 1, 00133 Roma
(ITALY). Reference mail: amendola@info.uniroma2.it.

surgery. Possible fields of applications of cutaneous temperature monitoring extend to sport medicine, concerning the
evaluation of athletes’ performance [4], and to occupational
medicine for the assessment of stressful conditions of workers
in harsh environments. Furthermore, the dermal temperature
collected on “central” sites (forehead, axilla, abdomen, chest)
and under controlled ambient conditions provides an noninvasive approximate estimate of core temperature. Interesting
applications are hence the fever control in the case of infective
disease, common seasonal influenza and epidemics as well as
the early detection of viremic travelers during mass-screening
at Country Borders [5].
Conventional techniques for the measurement of surface
body temperature generally involve i) manual procedures by
either contacting devices (tympanic and glass thermometers)
or non-contacting devices (infrared or radiometric receivers) or
instead ii) automatic detection protocols generally based onto
wired sensors (thermocouples and thermo-resistances) attached
over the skin and connected to a fixed acquisition system
[6], [7]. Manual procedures permit only sporadic measurements which cause constant disturbance to the patients and
increasing nursing workload. Automatic systems are instead
capable of providing a continuous real-time monitoring at the
price of reduced user’s mobility due to the tangled wired
interconnections. Contact-less instruments like thermal camera
scanners, although suitable to remotely scan at once a large
number of subjects, have some serious limitations concerning
the un-adequate accuracy (around 2°C), the mandatory Line
Of Sight to the target body and the strong sensitivity to the
variable environmental parameters and to the skin conditions
(sweat, cosmetics, topical treatments) that alter the radiant
characteristics (emissivity) of the body.
Recent developments in wireless thermometry offer viable
alternatives that are based on battery-equipped small sensors
with data-logging features (i-button [8]) or even capable
of real-time data sampling and remote transmission through
wireless interfaces [9], [10], [11]. Autonomy, size and costs
are main issues limiting a true diffusion of these kinds of bodycentric devices. Innovative solutions originate from the recent
evolution of Epidermal Electronics [12] combined with passive
Radiofrequency Identification Technology (RFID) which is
stimulating the rapid development of a new class of ultrathin bio-integrated sensors stuck on the human epidermis like
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a transfer tattoo, with a reduced cost and an increased benefit
for the user. In a recent paper [13] the authors introduced an
RFID epidermal antenna working in the UHF band (860-960
MHz) suitable to host a microchip transponder which provides
temperature measurement with a resolution of 0.25 °C. The
resulting device was readable from a distance up to 70 cm in
pure passive mode, e.g. with no battery onboard. A possible
application to the on-skin measurement during cyclette exercise was qualitatively demonstrated in [14]. So far, most of the
research efforts have been devoted to model and master the
electromagnetic response of the device as an antenna, with care
to retune its response to the remote interrogation depending
on the specific placements over the body and on the operating
RFID band. Many issues are still open to turn the proposed
epidermal device into a reliable temperature sensors providing
continuous temperature measurements with clinical meaning.
In particular i) the size (5cm by 5cm) is still too large to be
considered comfortable by the user and ii) no information is
currently available about the sensor accuracy and reliability in
real physio/pathologic conditions.
This paper presents an evolution of the concept of epidermal
wireless temperature sensor with the goal of size miniaturization and characterizing the achievable thermal and communication performance in realistic operative conditions. Section
II introduces the small-size epidermal RFID thermometer
whose layout can be adapted to embed a small battery for
improved performance. Section III addresses the experimental
characterization of the accuracy and the time response of
the thermal IC sensor. Finally, in Section IV some realistic
application scenarios are reproduced and the reliability of the
wireless radio-link and of the thermal response are quantitatively characterized in the case of manual reading as well as
with automatic procedures where no effort is required from
the users or caregivers.
II. S MALL - SIZE E PIDERMAL TAG
Fig.1 shows the proposed sensors whose shape is derived
from [13] after 2:1 miniaturization by means of meandering
the segments of the loop where the currents are in phase
opposition. The internal matching loop was replaced by a Tmatch impedance transformer [15] since it avoids the criticality
of alignment allowing a more robust manufacturing.
The tag is connected to the EM4325 IC which includes
a standard RFID transponder and provides temperature measurement in the range -40 °C to +64°C with a resolution of ±
0.25°C. The chip can be used in both battery-less mode (input
impedance Zin = 23.3-j145Ω and power sensitivity PC =4.5dBmW) as well as in battery-assisted mode (Zin = =18.1j169Ω, PC programmable down to -31dBmW) to significantly
improve the read range.
The antenna is provided with a post-fabrication tuning
mechanism to optimally adapt its response to the specific
placement over the body and to freely shift the working frequency in the European (866-869 MHz) or US (902-928 MHz)
RFID bands. At this purpose, the T-match section includes thin
strips that can be progressively interrupted, for instance by a

a)

b)

Figure 1.
a) Layout of the miniaturized epidermal RFID sensor with
tuning mechanism. The gray components are included in the Battery-assisted
configuration. The IC and chock inductances (Li=120nH) are simulated as
discrete lumped elements and the battery as a metallic cylinder (radius 6mm,
thickness 2mm) b) Simulated current distribution of the tag placed over a
body-like homogeneous planar model. Arrows indicate the current-flow over
the antenna. Size [mm]: L=50, W=25, a=26 b=7, c=2, d=7, i=12, m=6, l=4,
h=12.

Figure 2. Simulated power transmission coefficient of the epidermal tag in
passive mode which is tuned by modifying the size of the inner perimeter of
the T match through interruption of the strips inside the T-match (magnified
detail in the inset).

simple hole-puncher, in order to modify the current paths over
the T-match and, accordingly, the impedance transformation
ratio. As a consequence, the power transfer coefficient of the
antenna can be shifted with a resolution of 12 MHz/strip for
the chip in passive mode (Fig.2). The same layout can be easily
matched at 868 MHz to the IC impendence in BAP mode by
adopting the configuration with four interrupted strips.
A. Prototypes fabrication
Two different prototypes of the sensors working with and
without battery are shown in Fig.3. The inclusion of the battery
requires two insulation inductors (Li=120nH) to prevent the
RF currents induced onto the battery-traces from entering
the DC pin of the chip with consequent changes in the IC
impedance and sensitivity and, more in general, an overall
failure of the device.
The sensors were prototyped by carving a flexible adhesivebacked copper foil (thickness 35 µm) by means of a two-axis
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(a)

Figure 4. Measured and simulated realized gain of the passive and batteryassisted epidermal sensors placed over a liquid phantom.

(b)
Figure 3. (a) Various layers RFID of epidermal thermometer and prototype
of a battery-less sensor integrated into a medical plaster; (b) Bare and Covered
prototypes of the battery-assisted epidermal thermometer.

digital-controlled cutting plotter. An adhesive plastic tape was
temporary applied on top of the copper sheet to avoid the
break of the copper traces during the carving of meanderings.
After manually removing the extra copper, the IC was soldered
onto the terminals of the T-match. In the case of the batteryassisted tag, the battery (3.2 V Lithium with solder pins) and
the chock inductors were also connected at this stage. The
meandered loop equipped with all the components was then
removed from the release liner of the adhesive copper and
placed over a 600 μm-thick biosilicone membrane (r = 2.2
, σ = 5·10−3 S/m) by using an adhesive transfer paper-tape
which preserved the shape of the cutout metallization during
the transfer. The so formed strong copper-silicone bonding
made the top transfer layer easy to peel off. A hole was carved
out of the biosilicone substrate underneath the IC to ensure the
direct contact between the temperature sensors and the skin,
so that the thermal resistance of the substrate doesn’t affect
the local sampling of the temperature over the skin surface.
The IC was then insulated by a small patch of ultra-thin
biocompatible film (Rollflex film from Master-AIDr ) which
was proved not to delay the thermal time response of the tag
(see Sec. III-B). Finally, a medical-grade adhesive dressings
(Fixomull® stretch) was stuck on top of sensor to comfortably
attach the tag onto the epidermis. The resulting epidermal
radio-sensors is finally integrable within a small low-profile,
eventually disposable, medical plaster, as shown in Fig. 3.
B. Communication performance
The communication performances of the prototypes were
characterized through the measurement of the realized gain
of the tags when attached over a liquid phantom resembling a
segment of human body. The body phantom (HSL900V2 from
Speagr ) consists of a water-sugar-salt mixture emulating the
average dielectric properties of the human tissues within the

700-1200 MHz range (εr = 41.2, σ = 0.95 S/m). The liquid
was contained within a 7 cm × 7 cm × 10 cm parallelepiped
PET box (εP ET = 2, tanδ = 0.005 @1 GHz) having 1 mm
thickness. The measurement setup comprised a long-range
reader, connected to a linearly polarized 5 dBi broadband PIFA
antenna. The system was controlled by a custom software
implementing the turn-on measurement procedure [16] for the
estimation of the realized gain. The maximum realized gain
(see Fig. 4) is of the order of -13dB, which is only 1dB
lower than our previous double-sized layout presented in [13].
Measurement outcomes2 are compared for corroboration with
numerical simulations based on the Moment Method (FEKO
solver [17]) which considered a planar epidermal antenna. As
the smallest dimension of the sensor is quite reduced (25mm),
the performance of the antenna is not expected to be altered
by the natural curvature of body surfaces. Typical bend radii
of limbs are indeed in the range 30-80 mm, while other
region such as torso, abdomen, forehead can be conveniently
assumed as flat. A good agreement was achieved, especially
within the european RFID band centered at 868 MHz, where
the antennas are optimally tuned. Some discrepancies are
observed in the case of the battery-assisted version because of
uncertainties due to the manual soldering of the coin battery
and the inductors on the antenna that were not accounted by
the numerical simulation. The measured antenna response is
quite broadband (3dB bandwidth of 60 MHz) because of high
loss of the human tissues. Possible detuning effects induced
by the specific placement over the body [13] can be easily
compensated by means of the tuning mechanism described in
Sec. II.
By assuming a free-space like interaction between the sensors and a reader with PR =-75dBmW sensitivity and emitting
3.2 W EIRP (the maximum allowed according to the EU
regulations), the battery-less prototype will be readable up to
0.70 m (forward-link limited), while the battery-assisted model
will be reachable up to 2.3 m (backward link limited).
2 The measurement of the gain for the BAP sensor was restricted to the
only European RFID frequency band due to the reader limitations to interact
with a chip set in active mode.
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Figure 5. Experimental set up for the stationary measurements of the accuracy
of the epidermal RFID thermometer inside a calibration water bath.

III. T HERMAL C HARACTERIZATION
The EM4325 sensor chip comes by default with a singlepoint on-wafer calibration at +5.0°C. The manufacturer declares a mean accuracy of ±1.0°C (max ±2.0°C) over the
whole temperature range and ±0.6 °C (max ±1.5°C) over
the typical range for cold chain -1 °C < T < 12 °C. The
sensor accuracy for the skin temperature monitoring can be
nevertheless improved by re-calibrating the chip when it is
embedded into the epidermal antenna, within the temperature
range of interest for biomedical applications, e.g. from +5
°C (post-mortem temperature) up to 45 °C (severe feverish
state). The accuracy of the RFID epidermal thermometer was
determined by using a water bath and a reference thermometer.
A calibration function is accordingly derived to correct the
sensor outcomes. An impulsive method was then applied to
extract the time response of the epidermal thermometer.

cylindrical glass comparator by means of a glass rod properly
insulated by wadding to minimize convective heat flux due
to the vertical temperature gradient. The entire comparator
was then covered by an insulating layer of fiberglass to
further minimize thermal dispersion. The reader interrogated
the sensor from a distance of 10 cm outside the chamber.
The temperature of the water bath was gradually increased
from -5°C to 60°C by 5°C steps. For each temperature level,
after the thermal equilibrium between the circulating fluid
and the thermal sensors was established, stable (plateau)
measurements were collected by both sensors for 15 minutes
at the purpose to gather enough data for statistical analysis and
to verify the absence of thermal drifts. Four epidermal sensors
were tested in independent measurement sessions.
The mean error between the temperature of the ICs and
that of the reference PTR (∆T in Fig. 6) resulted dependent
on the specific chip and spans in the range 0.35°C < ∆T
< 0.85 °C. Such random differences in the mean error are
likely due to the fact the ICs are coarsely calibrated during the
mass production of low-cost sensors. The standard deviation
is instead rather small for all the chips (σ < 0.13 °C) and
it is lower than the resolution (±0.25°C). Each epidermal
thermometer should be therefore individually re-calibrated,
but a few-points (at least two-points) calibration is sufficient.
After uniform recalibration, the total uncertainty of the sensors
evaluated following the ISO-GUM [18] is 0.18°C, which is
hence much lower than that declared by the manufacturer and
fully comparable with state-of-the art skin temperature sensors
[19]. The calibration offset can be written into the microchip
memory for an easy use by the interrogating reader.

A. Sensor Calibration
The accuracy of the EM4325 IC integrated into the epidermal antenna was estimated by stationary measurements
within a calibration bath providing a very stable and uniform
temperature environment. Stability refers to a temperature
remaining constant over time, while uniformity refers to the
spatial distribution (vertically and horizontally) of the temperature throughout the calibration bath. The experimental setup
(Fig. 5) comprised: i) a closed-circuit liquid bath where the
epidermal thermometer was immersed together with a reference temperature probe (calibrated certified Platinum Thermoresistance, PTR25); ii) a thermostat (JULABO, MW-F33) for
the control and the regulation of the temperature of the liquid
consisting of a mixture of 33% of distilled water and 66%
of ethylene glycol; iii) high-resolution DAS, (data acquisition
system, Keithley 2700) connected to the PRT25 terminals
(4-wires measurements); iv) compact RFID reader (R1270 Quark Up from CAENRFID) for the wireless reading of the
temperature data from the epidermal sensor with a data-rate
of 5 samples/sec.
The epidermal sensor was glued over the sensitive part of
the PTR and then inserted at the bottom of the concentric

Figure 6.
Multi-Point Calibration: mean error between the IC and the
reference PTR at the thermal equilibrium.

B. Time Response
The time response of the epidermal sensor depends on the
heat capacity and the conductivity of the human body and on
the hosting substrate (thickness and thermal resistance) interplaced between the IC and the skin. The time constant (τ) of
the sensor was estimated from its response to a power pulse
emitted by a 1.5 kW flash which produced an impulsive-like
heating of the IC [20]. Then, the τ value was retrieved by
the non-linear least square regression of the cooling response
following the pulse (T w a1 + a2 · e−t/τ ). Three different
configurations (in air, over a plastic box filled with a liquid
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A. Manual reading

a)

b)
Figure 7. (a) Set-up for the flash-method. (b) Example of thermal Response
of epidermal sensor to the power pulse (measured signals and fitted curves)
when it is placed in air, attached over a liquid simulating the body phantom
and over the human arm. Mean values and standard deviation of time constants
as computed over 15 flashes are also reported in the insets.

phantom and over the human arm) were considered. The time
constants, averaged over 15 flashes, and the corresponding
standard deviations are reported in Fig. 7 together with an
example of the processed signals and the corresponding fitted
curves. In all the experiments the IC was insulated by ultra-thin
biocompatible film (22 μm Rollflex film from Master-AIDr ).
When the sensor is applied over the human arm, the shortest
response is achieved (τ ' 4 s) as the thermal conductivity of
the human body is one order of magnitude higher than that
of the air [22], [23]. By assuming as conservative reference
value the time constant of the liquid phantom (τ = 6s) and
by considering that the time required to damp the thermal
transient is 5 · τ , the proposed sensor will provide a stable
temperature data after less than 30 seconds from the placement
onto the body. For the sake of a comparison, the iButton
[8] would need 95 s to give a stable temperature. The low
value of the time constant is finally compatible with the
physio/pathological time variations of skin temperature even
in the case of fever rush or rapid hypothermia and rewarming
during cardiac surgery.

The body temperature of a 25 years old female volunteer’s
(height 1.75m, weight 50 kg) down with the flu was monitored
along with the three hours following the administration of an
antipyretic drug that produced a 1°C temperature drop. Two
epidermal thermometers were placed over two central sites the right hypochondrium of the abdomen and the forehead whose temperature is less sensitive to the external ambient
conditions than peripheral regions [25].
Temperatures samples were periodically recorded by an
handheld micro short-range reader (CAENRFID qIDmini)
manually put near (few centimeters) the sensor. As reference,
the core temperature was sporadically measured by a standard
digital thermometer (TecnicoEco) placed underarm. Measurements results are shown in Fig. 8 together with the subject’s
actions noted during the monitoring period.
The profile of the abdominal temperature does not correlate
with that of the core one since, due to the motion of the
user, the measurements were strongly affected by the timevariant ambient conditions surrounding the epidermal sensor.
When the subject rested in supine position under blankets, the
skin temperature increased up to 38°C due to the microclimate
established under the beddings which prevented the dissipation
of the augmented heat produced by the body. Instead, as soon
as the subject uncovered the abdomen, the temperature quickly
dropped by 1.5 °C due to the combined effect of the colder
air and to the consequent cooling of the abdominal surface. A
different behavior was instead recorded for the sensor placed
onto the forehead skin. Although such temperature is sensibly
cooler than the core, its profile greatly correlates with the
reference measurement. After an offset compensation of 3 °C,
the non-invasively measured data over the forehead provide
indeed an acceptable estimate of the core temperature.
B. Automatic (unsupervised) monitoring
The establishment of a robust communication link is a
critical issue for both the reading modalities considered below
(continuous and on flight), where the user stays for just a

IV. S ENSOR E VALUATION IN R EALISTIC C ONDITIONS
The potentials of the proposed epidermal sensors are now
exploited by the help of two classes of experiments involving
i) a manual (supervised) reading of the temperature and ii)
an automatic (un-supervised) reading with no human effort in
both continuous and on the flight data collection modalities.
The volunteers engaged in the experiments were properly informed about the purpose of the study and signed an informed
consent before participation.

Figure 8. Fever monitoring by epidermal thermometers during the measurement session when 1) taking antipyretic and covering the body under blanket;
2,3) uncovering the abdomen; 4) leaving the bed; 5) returning back to bed.
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Figure 9. Overnight temperature monitoring: (a) RFID monitoring system
installed in a domestic bedroom. (b) Semi-passive epidermal thermometer
placed over the volunteer’s thorax.
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(b)
Figure 10. Examples of skin temperature and backscattered power traces
recorded during two nights for an epidermal sensor placed onto the thorax of
a volunteer. (a) Normal temperature and (b) temperature elevation induced by
a hot water bag.

short period within the reader’s range (gate) or, although
permanently in the read region, he rotates his body producing
possible shadowing effects (overnight monitoring).
1) Continuous overnight temperature monitoring: The continuous real-time monitoring of the body temperature is relevant in both domestic and hospital settings. Historical temperature recordings permit to classify fever patterns (intermittent,
remittent, periodic) and support the diagnosis of infections,
malignancies and inflammatory diseases while the instantaneous detection of fever spikes avoid the serious consequences
of epileptic convulsions in children. In clinical practice, a
prompt collection of the specimen for blood cultures during
temperature elevations maximizes the likelihood of finding the
pathogenic microorganism [21].
The feasible application of the epidermal RFID thermometer

to the continuos monitoring was demonstrated in real-life
conditions by measuring the skin temperature of a young
volunteer (26 years old) for four consecutive nights. The
reading system, comprising a long-range IF2 Intermec reader
and a 7 dBic Gain circularly-polarized antenna, was installed
within a domestic bedroom and the epidermal thermometer
was stuck over the volunteer’s thorax (Fig. 9). The position
of the reader antenna (height from the floor, distance from
the bed, inclination) was experimentally determined by minimizing the turn-on power of the the sensor in the supine and
lateral sleep’s position of the subject, while preserving [24] the
compliance of the electromagnetic exposure with the Italian
regulation3 (Electric field less that 6V/m in the region of the
user). Since the distance between the reader antenna and the
subject was of the order of 1m, the battery-assisted sensor was
used. Fig. 10 shows two examples of the overnight recording
of the skin temperature along with the power backscattered
from the tag. After proper processing as in [24], this latter
parameter provides additional useful information about the
user’s activity (sleeping positions, limbs movements...) that
can be correlated with the temperature changes at the twofold
purpose of removing measurement artifacts and interpreting
temperature variations related to subject’s motion. In the first
plot (Fig.10a), the temperature exhibits an initial rise which
corresponds to the creation of the nocturnal microclimate
under beddings of about 34-36 °C [26], then it remains
rather stable for the rest of the night, except when the user
changed position (as suggested by the abrupt variation of the
backscattered power). In those cases, the user probably moved
the bedding, thus letting colder air entering inside. In the
second experiment (Fig.10b), the onset of a febrile state was
emulated by placing an hot water bag close to the subjects
under the beddings which produce a 2 °C elevation in the
temperature over the thorax.
The reliability of the wireless link can be quantitatively
evaluated through the percentage of the night-time when the
temperature reading was missed for a time longer than {5, 10,
15, 20, 30} min. Tab. I shows that in all the four measurement
nights, the interruptions longer than 10min occurred for less
than the 15% of the total observation time and the measurement system may be accordingly considered rather reliable for
that specific user. In most of the cases, the data loss occurred
when the subject slept in a prone position thus completely
shadowing the tag over the chest.by his body. A couple of
epidermal sensors placed over the front and the rear part of the
trunk could ensure more robust communication link regardless
of the sleeper’s position.
2) On-flight temperature monitoring across gates: Augmented human body temperature is often an indicator of
acute infections. Since the outbreak of serious flu strains such
3 The electromagnetic exposure of the human body to reader antennas placed
in close proximity of the human skin was investigated in [24] concerning the
interrogation of implanted UHF-RFID devices. The specific absorption rate
(SAR) resulted greatly below the limits imposed by regulations. Accordingly,
the exposure concerns are not critical as regard the reading of epidermal RFID
tags.

1530-437X (c) 2016 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/JSEN.2016.2594582, IEEE
Sensors Journal

Table I
P ERCENTAGE OF THE NIGHT- TIME WHEN THE TEMPERATURE WAS LOST
FOR A TIME LONGER THAN THE INDICATED INTERVAL .

1st night
2nd night
3nd night
4nd night

5min
12%
10%
20%
20%

10min
8%
8%
15%
14%

15min
6%
4%
14%
8%

20min
5%
1%
12%
4%

30 min
2%
0%
9%
0%

as H1N1, the spread of severe acute respiratory syndrome
(SARS) and the more recent epidemic of Ebola and Zika
viruses, public health authorities have been looking for a fast,
easy, non-invasive, and reliable method to early detect and
isolate suspected cases of infection. The proposed wireless
epidermal thermometer has the potential to be a useful tool
in the detection of feverish state in high-risk groups such as
travelers entering a country via mass transportation (airports)
or medical personnel and patients within hospitals handling
with epidemic emergencies.
The reference setup for the instantaneous screening of
people in transit is an access gate equipped with one or
more antennas connected to a long-range reader. When a
person equipped with the RIFD skin-sensor on his body
passes through the gate, the system automatically registers
its passage, store his identity (through ID cards or medical
records stored into the IC memory) and instantaneously collect
the value of his body temperature, which can be eventually
stored into the IC itself to be used for comparison during
the next control stage. Such RFID-based scanning system
could be particularly prone to false negative readings when
an epidermal tag within the read range of an antenna is not
detected and/or the temperature measurements fails. Many
factors impact the read reliability, including the position of the
tag over the body, the mutual orientation between the RFID
sensor and the reader antenna and the walking speed of the
subject.
An access gate was installed in a laboratory environment.
The set-up comprised a long-range IF2 Intermec reader emitting 0.8 W power and a 5 dBi Gain linearly polarized antenna
mounted at one the side of the portal (see Fig.11.a). The
experiment involved two volunteers having different physical
size (27 years old female - height 1.55 m, weight 42 Kg, a 34
years old male - height 1.82 m, weight 74 Kg). Battery-less
epidermal sensors were attached over the lateral abdomen in
order to be aligned with the reader antenna (same height and
polarization match). The two subjects were asked to cyclically
cross the gate with a controlled gait cadence (expressed as
the number of steps per minute) prompted by means of a
metronome. An example of the raw signals of skin temperature
and backscattered power collected for multiple gate crossings is reported in Fig. 11(b). It is worth noticing that the
temperature was collected only within a sub-set of the time
interval when the system correctly detected the crossing user.
In particular the system failed the temperature sampling at
the borders of the identification interval, e.g. when the user
was at the edges of the read-region of the gate. In those

Figure 11.
(a) RFID portal for the automatic temperature screening of
crossing people. (b) Skin temperature and backscattered power collected from
the epidermal sensor for sequential crossings of the RFID gate.

Figure 12. Mean number of ID and temperature readings (averaged on 14
consecutive gate crossings) versus the walking pace for two users (tiny female
and normal male) crossing the RFID gate sketched in Fig. 11 (a).

conditions, the power collected by the chip was enough to
activate it (power threshold Pchip,labeling =-8.3 dBm) but not
sufficient to enable the temperature reading (power threshold
Pchip,sensing =-4.5 dBm).
Fig. 12 shows the mean number of IDs and of temperature
readings (averaged on 14 consecutive gate crossings) as function of the walking pace, which was progressively increased
from 60 steps/minute (slow gait) up to 140 steps/minute
(fast gait). This data provides an indirect figure of merit for
the on-flight monitoring reliability: the larger is the number
of collected samples, the more stable the estimation of the
temperature is expected to be, thus avoiding outliers. Up to 45 temperature samples were correctly received for a moderate
crossing speed (up to 80 steps/minute) that is typical of a
security check in an airport. If the user instead crossed the
gate at his natural gait of 100-120 steps/minute (one gait
cycle per second), as in the case of normal walking inside a
house or hospital, the system was able to collect 2-3 samples
that are still enough to perform some elementary processing.
Beyond the normal cadence, as in case of rushed motion,
only one temperature sample was collected and false negative
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may occurs. To improve reliability, multiple antennas could
be installed in the gate to increase the extension of the read
region.
V. S UMMARY, C ONCLUSIONS AND O PEN C HALLENGES
In this paper we presented a small-size epidermal RFID
thermometer suitable for the direct placement over the skin.
After uniform recalibration, the accuracy of the IC sensor
satisfies the target value for standard thermometers (ear 0.2°C,
underarm 0.5°C). The capability of wirelessly reading the
sensor up to distance of 0.7 m (battery-less mode) and 2.3
m (battery-assisted mode), and its potential low-cost (a single
electronic component is required in the simplest configuration), could enable a wide range of both supervised and
un-supervised applications for healthcare and security whose
feasibility was demonstrated through experimental tests. The
proposed epidermal sensor gives stable temperature readings
as long as it is properly attached to the skin and it is given
sufficient time to warm up ( w20 seconds), provided that the
surroundings of the sensor are not subjected to any localized
heat or cold. As an auxiliary functionality, the epidermal
thermometer provides information about the user’s position
and motion, and hence temperature/behavior correlations are
possible. In battery-mode, the epidermal sensor may last up
to three years that is comparable with the lifespan of a
digital thermometer for personal use. When compared with
thermo-cameras, the epidermal wireless thermometer provide
substantial advantages in terms of accuracy, robust reading
also in Non-Line-Of-Sight conditions (through clothes and
moderate obstacle), expected lower cost of the overall system
and the capability of univocally identifying the users while
scanning.
Some topics deserve further investigations:
i) the application of a significant skin-to-core temperature
translation requires a statistical analysis of the inter-subject
variability of the correction offsets. A clinical study involving
a large number of patients is currently starting at the Tor
Vergata University Hospital.
ii) the reliability of the temperature measurement is strictly
dependent on the adherence of the sensor to the body. The
chip-to-skin adhesion can be enforced by replacing the area of
the biosilicone around the chip with a thinner transpiring and
breathable adhesive dressing, for instance the Roll-flex. Being
impermeable to water, the same film could be moreover used
as a top protection of the sensor traces to insulate the IC from
humidity and moisture. Other medical grade adhesive usually
applied to adhere the electrodes to the scalp for long-term EEG
(e.g. collodion) may be considered as well, but the effect on
the thermal response of the IC and on the electromagnetic
response of the antenna must be investigated.
iii) in real applications the influence of the environmental
factors can not be removed through empiric correction formulas as in [19] since they require known ambient conditions. By
proving the IC with an insulating top coating, which acts as a
thermal low-pass filter, rapid temperature variations produced
by external high air-flows could be nevertheless mitigated.
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