




Fig. 4. a) Flexible antenna prototype on Kapton. b) Radio-board antenna and
graphene oxide (GO) sensor integrated into a facemask.

RFID Reader). The results related to the resistance response
of the sensor with respect to the different humidity levels
were stored in the internal user memory of the microchip
during the cycle of measurement and further analysed in post-
processing. At the beginning, the sensor was exposed to the
ambient humidity in order to establish a baseline value. Then,
we asked a subject to wear the facemask and to continuously
and deeply breathe through the nose for a few minutes. Fig. 5
depicts the change in graphene oxide resistance on exposure
to breath.

Fig. 5. The respiratory activity of a subject recorded using a facemask with
the embedded graphene oxide sensor and the radio-board antenna.

The changes in resistance for each breath cycle are clearly
detectable in comparison with the signal oscillations when the
sensor is at rest. The estimated maximum dynamic range of
the breathing signal (82⌦) is indeed much higher than the
standard deviation value of the noise level (4⌦). In particular,
during the breathing out, human breath is strongly humidified
(RH>60%), and therefore the amount of water on the surface
of the graphene oxide layer increases, and in turn its resistance.
While, during the breathing in, the amount of water absorbed
by the graphene oxide drop is reduced since the relative
humidity of the surrounding environment is almost always
lower than the exhaled air. Fig. 5 also shows the recovery
capability of the graphene oxide sensor which tends to restore
back to the baseline after the breathing cycle. Finally, we asked
a subject to breathe with alternating short intervals of apneas.

The measured resistance profile, shown in Fig. 6, emphasises
the capability of the sensor to detect the breathing peaks
compared to the condition of apnea.

Fig. 6. The respiratory activity by repeating apneas with short intervals.

V. DISCUSSION AND CONCLUSION

In this contribution, the advantageous sensing capabilities
and the hygroscopic character of the graphene oxide were
exploited in order to introduce a new class of wireless wearable
RFID sensors capable of monitoring different breathing pat-
terns. It was demonstrated the possibility to correlate the effect
of the resistance changes of the graphene oxide with the rate
of respiration. Moreover, such a wearable RFID system may
enable a simultaneous multiparameter sensing, in particular
the humidity and temperature. In the next step of the research
the wireless sensor will be implemented by means of the
Epidermal technology so that the whole system comprising
the antenna and the graphene sensor will be deposited over
a thin membrane and directly stuck on the face close to the
nose for a superior comfort of the user.
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