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Abstract—Cough detection has aroused great interest because 

the assessment of cough frequency may improve diagnosis 

accuracy for dealing with several diseases, such as chronic 

obstructive pulmonary disease (COPD) and the recent COVID-19 

global pandemic crisis. Here, we propose and experimentally 

demonstrate a wireless smart face mask based on a passive 

harmonic tag for real-time cough monitoring and alert. Our 

results show that the cough events can be successfully monitored 

through non-contact track of the received signal strength indicator 

(RSSI) at the harmonic frequency. Owing to the frequency 

orthogonality between the launched and backscattered radio-

frequency (RF) signals, the harmonic tag-based smart mask can 

well suppress the electromagnetic interferences, such as clutters 

and crosstalks in noisy environments. We envision that this zero-

power and lightweight wireless wearable device may be beneficial 

for cough monitoring and the public health condition in terms of 

tracking potential contagious person and virus-transmissive 

events. 

 
Index Terms—Antennas, cough monitoring, electromagnetic 

interferences, harmonic RFID, wearable devices, wireless sensors, 

smart face mask. 

I. INTRODUCTION 

OUGH, an expiratory maneuver against a closed glottis 

with characteristic sound, is a common and important 

symptom in many respiratory diseases, such as pneumonia and 

tuberculosis [1], [2]. Cough may appear sporadically with 

illnesses (e.g. colds and flu) to act as a protective and clearing 

mechanism, but when it becomes chronic, it could severely 

impair life quality by interfering with breathing, sleep and 

normal daily activities [3]-[5]. As a result, this symptom is the 

commonest reason for people seeking medical advice, and the 

assessment of cough frequency is considered as a critical tool 

in clinical use. More urgently, as the disastrous spreading of 

COVID-19 in 2020, the whole world is in demand of some type 

of affordable, rapid and effective facilities for warning of 

transmissive events, identifying potential contagious persons, 

as well as tracking face-mask wearing compliance in public [6]. 

Cough, which is one of the top symptoms associated with 

COVID-19, could be of high interest in being monitored, so as  
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to facilitate the above-mentioned demand in the critical 

pandemic situation.   

Driven by this demand, some attempts to monitor cough have 

been made, which started around the 1950s with simple audio 

recording systems that require manual interpretation of cough 

events [7]. To date, many emerging cough monitoring systems 

have been developed [8]-[10], which can be divided into three 

main categories. The first one reached from the airflow 

measurement requires placing detection module (e.g., 

piezoelectric sensor) close to the nose or mouth to obtain the 

flow dynamics of cough [11], [12]. This method is clearly not 

suitable for continuous cough monitoring in the outpatient 

environment [13]. The second type is based on monitoring the 

movement of the chest or abdominal wall [14]. In this approach, 

an accelerometer is directly placed at the volunteer’s chest wall 

to record cough events. Although this solution can offer precise 

measurement results, it typically requires a trained operator to 

manually identify cough events, which is a rather time-

consuming and arduous task [14]. The third one based on the 

measurement of cough sounds has been more universal because 

of advances in computer technology and the availability of 

portable digital sound recording devices [15], [16]. 

Unfortunately, these automatic cough monitors may suffer from 

confusion with surrounding noises and other parasitic patient 

sounds (e.g., throat clearing, humming, or laughing) that are not 

associated with the disease transmissive event. In addition, 

cough detection using sound could lose important detailed 

information, e.g. whether the person is wearing a face mask 

when coughing.  

Very recently, several radio-frequency (RF) approaches, 

such as antenna sensors and passive radio frequency 

identification (RFID) [17], [18], have been explored for 

remotely detecting and monitoring cough events [19], [20]. 

Despite the improved effectiveness, these backscattering tags 

are often vulnerable to a low signal-to-clutter/noise ratio in 

noisy indoor environments, thereby impeding real-time, 

continuous and accurate monitoring of coughs. Seeking to 

overcome the troublesome issues of passive RF sensing [21], 
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the harmonic transponder sensor (or harmonic sensor) has been 

recently proposed [22]-[27]. Similar to the harmonic radar 

invented in 70s [28], a harmonic sensor launches and detects RF 

signals at orthogonal frequencies (e.g., fundamental frequency 

and harmonics) [29]-[33], with the information of sensor 

encoded in the frequency-modulated RF signal, for avoiding 

multipath interferences, clutters, and crosstalks [34]-[36]. To 

date, harmonic sensors have been used to remote sensing of 

mechanical cracks [37]-[41], humidity [42], liquid levels [43], 

pH [44], vital signs [45] and biochemical processes [46], as well 

as localization of underground buried assets [47].  

In this work, we propose a lightweight harmonic sensor that 

can be flawlessly embedded in the face mask to perform rapid, 

real-time wireless cough monitoring. The harmonic sensor 

system is sketched in Fig. 1(a). The reader transmits a 

continuous-wave (CW) RF signal at frequency f0 to the smart 

face mask. When the face mask is in close contact with or the 

proximity of mouth (i.e., air gap g ~ 0), the dielectric loading 

effect due to human tissues will shift resonant frequencies of 

antennas and, therefore, no detectable harmonic signal can be 

generated. In other words, the smart face mask is in the OFF 

state with zero second-harmonic RSSI. On the other hand, when 

cough happens, the effect of human body disappears (i.e., g > 

10 mm) and, thus, the RF monotone can be received by the 

antenna on the face mask, undergoing the frequency 

multiplication process (f0 → 2f0), and being re-transmitted to 

the reader or sniffer. As a result, the harmonic tag can be waked 

up (i.e., ON state) due to coughs, whose frequency and pattern 

can be retrieved from the time series of the RSSI at the second-

harmonic frequency [Fig. 1(a)]. More interestingly, if the 

proposed smart face mask becomes a universal standard, 

combining with sound-based cough monitoring, it can serve as 

a face mask compliance tracker. For example, if the sound 

monitoring detects a cough event without a matched RF 

harmonic, it means that the person who coughs is not wearing a 

face mask, and it will be alerted as a high-risk event.  

II. DESIGN AND MEASUREMENT OF A HARMONIC TAG 

Fig. 1(b) depicts the exploded view of the proposed smart 

face mask, which consists of a harmonic transponder 

sandwiched between a typical face mask and a tissue isolation 

layer. Due to the limited area of the face mask, the primary 

design focus is to find an RF circuit that can fit into a small area 

on the interior of the face mask, while maintaining excellent 

sensitivity to human-based dielectric loading. Fig. 1(c) 

illustrates the top view of the proposed harmonic transponder 

comprising a meander-line antenna operating at 1.5 GHz (0.26 

λ0 × 0.175 λ0 × 0.0025 λ0), a lumped element-based frequency 

multiplier, and an inverted-F antenna at 3.0 GHz (0.2 λ0 × 0.35 

λ0 × 0.005 λ0); the important design parameters are summarized 

in Fig. 1 and Table I. These components are connected through 

the coplanar waveguide (CPW) transmission line with a 

characteristic impedance of 50 Ω. This harmonic transponder 

was fabricated on the flexible, single-side Roger 5880 substrate 

with relative permittivity εr = 2.2, loss tangent δ = 0.0009, and 

 

Fig. 1.   (a) Schematics of the smart face mask based on a passive, lightweight, 

and low-profile harmonic tag. (b) Exploded view of the wireless smart face 

mask. (c) Geometry of the harmonic tag embedded in the face mask.  

 
Fig. 2.   Measured (solid line) and simulated (dashed line) reflection 

coefficient versus frequency for (a) the meander-line antenna and (b) the 

printed inverted-F antenna.  

TABLE I 

Summary of dimensions in the harmonic tag (units: millimeters) 

 

Par. L L1 L2 L3 L4 L5 

Value 65 2 5 18.8 8 31.5 

Par. W W1 W2 W3 W4 g 

Value 35 30 10 4 6 0.2 
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thickness of only 0.5 mm. The total dimension of the harmonic 

tag can fit into a small area on the interior of the face mask. 

Figs. 2(a) and 2(b) report the measured reflection coefficient 

(S11) and photographs for the microstrip meander-line and 

inverted-F antennas, respectively. We find that in free space, 

the meander-line antenna resonates at 1.5 GHz (fundamental 

frequency) with a -10 dB bandwidth of 164 MHz, while the 

inverted-F antenna operates at the second-harmonic frequency 

(3.0 GHz) with a -10 dB bandwidth of 555 MHz. The 

measurement results are in good agreement with the simulation 

results, with a fractional frequency shift of 1.33% for the 

meander-line antenna and 2.28 % for the inverted-F antenna, 

due primarily to the fabrication errors and variations in the 

dielectric constant of the substrate. Figs. 3(a) and (b) present the 

simulation results for the current flow for the meander-line 

antenna and IFA at 1.5 GHz and 3.0 GHz, respectively, in 

which it can be seen obviously that at 1.5 GHz, the maximum 

currents present along the meander-line, and at the second 

harmonic frequency (3.0 GHz), the resonating current path is 

observed on the IFA. 

Fig. 4 reports the simulated and measured radiation patterns 

of the meander-line and inverted-F antennas in Fig. 2 at their 

resonant frequencies. It is evident that the measured radiation 

patterns are in good agreement with the simulated ones on the E-

plane (x-z-plane) and H-plane (y-z plane). The meander line 

antenna exhibits an omnidirectional radiation property at 1.5 

GHz, with the maximum measured gain of 2.1 dBi and the half-

power beam width (HPBW) of 95° on the E-plane. The inverted-

F antenna has the maximum gain of 2.45 dBi at 3.0 GHz, with 

the HPBW of 105° on the E-plane. Both antennas have the 

radiation efficiency greater than 85 % at the resonant frequency. 

Specifically, the meander-line antenna has a radiation 

efficiency 92 % at 1.5 GHz, and the inverted-F antenna has a 

radiation efficiency 94 % at 3.0 GHz 

Next, we will report the effect of human body on radiation 

properties of the wearable antennas in Fig. 2. In our experiment, 

the antenna was placed in the vicinity of human body (hand 

tissues), and the air gap (g) between the antenna and the tissues 

was varied from 0 mm (i.e., attached onto the skin) to 20 mm. 

The antenna was connected to the Agilent N5222A PNA 

microwave network analyzer to track variations of the resonant 

frequency with the air gap size. Fig. 5(a) reports the measured 

reflection spectra of the meander-line antenna in Fig. 2(a), 

showing that when the antenna moves toward the human body, 

the resonant frequency decreases from 1.5 GHz to 1.15 GHz. 

Moreover, there is a threshold, g = 10 mm, beyond which the 

resonant frequency is nearly unchanged and locked at 1.5 GHz. 

In the same vein, as can be seen in Fig. 5(b), the resonant 

frequency of the inverted-F antenna in Fig. 2(b) is downshifted 

from 3.0 GHz to 1.6 GHz in response to reduction of air gap, 

with a threshold distance, g = 10 mm. According to the cavity 

perturbation theory, the downshift of resonant frequency in 

response to dielectric perturbations is proportional to the 

perturbed field strength [48], [49]. Therefore, due to strong 

electric fields in the close vicinity of the antennas, any change 

 
Fig. 5.   Measured reflection spectra for (a) the meander-line antenna and (b) 

the inverted-F antenna, as a function of the dimension of gap (g [mm]) between 

the antenna and human body; the insets show the photograph of the 

measurement setup.  

 
Fig. 4.   Measured (solid line) and simulated (dashed) radiation patterns for (a) 

the meander-line antenna at 1.5 GHz and (b) the printed inverted-F antenna at 

3.0 GHz on the E-plane (x-z plane) and H-plane (y-z plane).  

 
Fig. 3.   Surface current distribution of (a) the meander-line antenna at 1.5 GHz 

and (b) the inverted-F antennas at 3.0 GHz. 
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in the air gap, if within 10 mm, could cause a remarkable 

resonant frequency shift. On the contrary, if the antenna is away 

from tissues, the resonant frequency is nearly independent of 

the air gap size. When the antennas are utilized in the harmonic 

tag inside the face mask, their resonant frequencies may be 

significantly detuned under the normal wearing condition (g < 

5 mm). However, when cough happens, the space between the 

antenna and facial surface increases (g > 10 mm) and, therefore, 

the operating frequencies of the meander-line and inverted-F 

antennas may be reconfigured to the fundamental and second-

harmonic frequencies (i.e., 1.5 GHz and 3.0 GHz). In this 

scenario, a second-harmonic RSSI can be detected by the reader 

or sniffer in the far zone. 

Fig. 6(a) shows the schematic diagram of a miniaturized 

frequency doubler, whose input and output ports are connected 

to the meander-line antenna and the inverted-F antenna. In 

order to save the area of harmonic tag, the bandpass filters and 

matching networks were constructed by lumped elements and a 

Schottky diode (SMS 7621), with the important design 

parameters listed in Table Ⅱ. The passbands of the LC band-

pass filters on the input and output sides are centered at 1.5 GHz 

and 3.0 GHz, respectively. The Advanced Design System 

(ADS) was utilized to design the frequency doubler [50]. The 

photograph of the fabricated frequency doubler is shown in the 

inset of Fig. 6(b). Fig. 6(b) reports the measurement results for 

the relationship between the conversion loss and input RF 

power at 1.5 GHz. We find that at the 0 dBm input level, the 

conversion loss is ~22.5 dB. Fig. 6(c) reports the measurement 

results for the conversion loss versus the second-harmonic 

frequency at input power of 0 dBm. The frequency dependency 

shows that the minimum conversion loss (~22.5 dB) was 

obtained at 3.0 GHz. The conversion loss of the lumped 

element-based frequency doubler is also sensitive to human 

tissues. When g ~ 0, the conversion loss is reduced to 40 dB, 

due primarily to the impedance mismatch between the CPW 

transmission line and the input/output port of the frequency 

doubler, as well as the increased dielectric loss. 

Finally, the afore-studied antennas and frequency multiplier 

were integrated to make a passive harmonic transponder [Fig. 

1(c)]. This compact, low-profile passive harmonic tag was 

sandwiched between a typical face mask and a protection layer 

to form a smart face mask for wireless cough monitoring 

applications [Fig. 1(b)]. For this proof-of-concept 

demonstration, we mainly focus on implementing and testing 

the effectiveness of the smart face mask based on the passive 

harmonic transponder. The fundamental frequency and second 

harmonic frequency are 1.5 GHz and 3.0 GHz, respectively. 

However, this concept can be readily extended to any type of 

antenna that is small enough for mask assembly and sensitive 

to the human body-based dielectric loading effect. Hence, the 

concept can be applied to any frequency band of interest by 

properly scaling the antenna and circuits. 

III. WIRELESS SMART FACE MASK FOR COUGH MONITORING  

We adopted the bistatic measurement setup in a cluttered 

indoor environment, as illustrated in Fig. 7(a). Figs. 7(b)-(d) 

present the photographs of the fabricated passive harmonic 

transponder, the assembled smart face mask, and a user wearing 

the smart face mask, respectively. During the measurement, the 

reader’s transceiver continuously launches an CW interrogation 

signal (at 1.5 GHz) to the user wearing the smart face mask. The 

 
Fig. 6.   (a) Circuit diagram of a lumped element-based frequency doubler, and 

its measured conversion loss in dB (b) at different input power levels (f0 = 1.5 

GHz) and (c) at different input frequencies (1.25 GHz ≤  f0 ≤1.7 GHz).  

 
 

Fig. 7.   (a) Wireless cough monitoring (bistatic configuration) in an indoor 

environment. Photographs of (b) the passive harmonic tag, (c) the assembled 

smart face mask, and (d) the smart face mask worn by the user. 

TABLE Ⅱ 

Parameters of lumped elements with units: C (pF) and L (nH) 

 

Par. C1 L1 C2 L2 C3 L3 C4 L4 

Value 10 22 3.3 3.9 1.8 1.5 10 33 
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frequency and pattern of cough can be obtained from the recorded 

time series of the second-harmonic RSSI (at 3.0 GHz). According 

to the Friis transmission equation, the second-harmonic RSSI 

(i.e., received power Pr) can be estimated as [51]: 

4
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where Gr is the realized gain of the meander-line antenna at f0, 

Gt is the realized gain of the inverted-F antenna at 2f0, GT (GR) 

denote the realized gain of the reader’s transmitter (sniffer), the 

antenna’s realized gain is determined by its radiation efficiency 

,e reflection coefficient ,i and directivity iD as 

2
(1 )i e i iG D= −  , R1 (R2) is the distance between reader 

(sniffer) and the face mask, Lsys is the overall system loss 

including the conversion loss of the frequency doubler and the 

insertion loss in filters and transmission line, î is the 

polarization of the i-th antenna, and 
2

ˆ ˆ
i j  is the polarization 

loss factor (PLF) per trip. When an antenna is very close to the 

human head, the dielectric loading effect will vary the antenna 

impedance Za and return loss given by ( ) / ( ),i a in a inZ Z Z Z = − +  

where Zin is the input impedance of the transponder. This will in 

turn modulate the realized gains rG and tG , such that the 

detected second-harmonic signal [Eq. (1)] is sensitively 

dependent on the air gap between the mask and the human head. 

In other words, when an antenna is embedded in the smart 

mask, its realized gain during coughing ( )iG g  can be related to 

that in the non-cough case (0)iG by a factor of

( ) ( )* *1 ( ) ( ) 1 (0) (0) ;i i i ig g−   −   here, we note that the antenna’s 

radiation pattern and directivity iD could also be slightly varied. 

Some important parameters in the measurement include: Pt = 

20 dBm, R1 = R2 = 1 m, GT = 12.5 dBi at 1.5 GHz, and GR = 

15.0 dBi at 3.0 GHz. From Eq. (1), it is evident that under a 

fixed transmitted power Pt, the received power Pr is 

proportional to the realized gain Gr and Gt of the antennas, 

which have been demonstrated to be sensitive to the occurrence 

of cough, as can be seen in Fig. 5. In short, when the user 

wearing the harmonic mask is at rest (which corresponds to the 

OFF state of the harmonic tag), resonant frequencies of 

antennas do not match to 1.5 GHz and 3.0 GHz, leading to a 

very small Gr and Gt, and thus low harmonic RSSI, as can be 

seen in Fig. 8(a). On the other hand, the occurrence of cough 

 
Fig. 8.    Measured RSSI in the physical state of (a) peaceful rest and (b) cough; 

the interrogating signal is an unmodulated CW carrier at 1.5 GHz. 

 
Fig. 9.    Measured time series of harmonic RSSI at an interrogating distance of 

(a) 1.0 m, (b) 1.5 m, and (c) 2.0 m. (d) Similar to (a), but for a traditional passive 

backscattering tag. 
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can dynamically reconfigure the resonant frequencies of the 

meander-line antenna and the inverted-F antenna to 1.5 GHz 

and 3.0 GHz. Therefore, a harmonic RSSI peak can be detected, 

as can be seen in Fig. 8(b). Consequently, the cough events can 

be continuously monitored by analyzing the harmonic RSSI 

pattern over time. We note that in both cough and non-cough 

cases, due to the serious crosstalk and clutters, a backscattered 

signal was always detected at the fundamental frequency. 

Next, we validate robustness and effectiveness of our 

platform by performing the real-time cough monitoring in the 

noisy environment. The harmonic RSSI is recorded over 100 s. 

The results reported in Fig. 9(a) shows that the proposed smart 

face mask enables robust, accurate, and real-time cough 

monitoring. Figs. 9(b) and(c) present the measured time series 

of the second-harmonic RSSI at different interrogation 

distances [see measurement configuration in Fig. 7]; here, 

except for the tag-to-sniffer distance (R2), all the other 

measurement conditions remain the same. It is evidently seen 

that the pattern of transient response of the smart face mask 

remains unchanged, regardless of the interrogation distance. 

Therefore, we conclude that the proposed wearable device may 

provide an accurate cough monitoring with excellent robustness 

and reliability. We should also note that with the same setup, 

robust detection can be achieved with an interrogation distance 

R2 =3.0 m and a noise floor of -90 dBm. The maximum range 

can be further increased by using high-resolution spectrum 

analyzer (which can be down to -120 dBm) or by performing 

data correction using the time-domain gating or intelligent 

algorithms. For a comparison, we also employed the traditional 

passive antenna sensor to wirelessly monitor the same cough 

event. This antenna sensor consists of a microstrip meander-line 

antenna terminated by a 50 Ω match load. The measured 

variations of RSSI at 1.5 GHz is presented in Fig. 9(d). 

Obviously, although the RSSI is still modulated over time, the 

measured backscattered signal cannot be differentiated from the 

background noises sourced mainly from crosstalks and clutters. 

Therefore, it is clearly evident that the proposed harmonics-

based wearable device may be a promising candidate for 

accurate real-time monitoring of coughs.   
Besides, our proposed smart face mask can operate as an 

indicator for mask wearing condition. In the same vein, the 

properly worn mask is subject to remarkable frequency shift 

due to parasitics (i.e., a dielectric loading effect) sourced from 

the human body, resulting in an undetectable second harmonic 

signal. On the other hand, if one wears the mask incorrectly 

[Fig. 10(a)], the air gap between the harmonic mask and face 

will lead to a successive second harmonic series in the time 

domain. Fig. 10(b) reports the time-series RSSI received from 

 
Fig. 10.    (a) Experimental configuration for detecting the mask wearing 

condition. (b) Measured time series of harmonic RSSI, in which the 

continuous existence of the second harmonic signal indicates wrong mask-

wearing. 

 
Fig. 11.    Radiation pattern of (a) the meander-line antenna at 1.5 GHz and 

(b) the IFA at 3.0 GHz situated nearby the human head, with an air gap of 10 

mm.  (c), (d): are similar to (a) and (b), but with antennas conformal to the 

human face, i.e., with an air gap of ~0 mm. 

 
Fig. 12.    SAR distributions of (a) the meander-line antenna and (b) IFA placed 

conformally on the human head. 
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the smart mask that is worn incorrectly, showing a continuous 

appearance of second-harmonic signals as an alert to improper 

use of face mask.   

At last, the performance of the proposed antenna on a 3-D 

human head model is analyzed. The bioelectromagnetic model 

used in the simulation is a male head from the HFSS library. 

The antennas are placed in the proximity of the human mouth 

with an air gap g = 10 and 0 mm, which respectively mimic the 

on and off states in Fig. 8. Fig. 11 reports the 3D radiation 

pattern of the meander-line antenna and IFA with the existence 

of the human head. From Fig. 11, it is seen that the radiated 

power is remarkably reduced when the antennas are placed 

conformally on the human face, due to the effect of dielectric 

loading (i.g., human tissues). According to our simulation 

results, the realized gain of the antennas with air gap g = 10 mm 

are 1.9 dBi and 2.3 dBi, which are comparable to the results in 

free space, as shown in Figs. 11 (a) and (b). However, when the 

mask is situated at the head, the realized gain of the meander-

line antenna drops to -7.4 dBi [Fig. 11(c)] and that of the IFA 

drops to -5.1 dBi [Fig. 11(d)], due primarily to the frequency 

shift under the effect of dielectric loading. Note that the 

antennas themselves have quite low conduction and dielectric 

losses, thanks to the relatively small loss tangent of the Roger 

substrate, when compared to other flexible alternatives such as 

PDMS or textile [52]-[54]. 

In order to ensure the conformance to safety regulations, the 

specific absorption rate (SAR) values are also evaluated and 

averaged over 1 g of biological tissue based on the IEEE/IEC 

62704-4 standard. Considering that our antennas are integrated 

and utilized as a fully-passive device, electromagnetic 

radiations are sourced from scattering and reception by the 

meander-line antenna (1.5 GHz), and the emission at the IFA (3 

GHz) ; the input power in our SAR simulation was set to 5 dBm. 

Fig. 12 plots the SAR distributions for each antenna at their 

resonance frequencies with the gap ~ 0 mm. It can be seen from 

Fig. 12 that the maximum averaged SAR obtained is only 0.26 

W/kg for the meander-line antenna at 1.5 GHz [Fig. 12(a)] and 

0.62 W/kg for the IFA at 3.0 GHz [Fig. 12(b)]; such values are 

much lower than the European standard threshold of 2 W/kg. 

Finally, it is worthwhile mentioning that in practical 

applications, talking and laughing may introduce an air gap of 

g ~ 10 mm, which could potentially lead to false detection of 

cough events. However, the classification between coughing, 

talking and laughing could be achieved by means of data post-

processing of the measured data, e.g., applying the pattern 

recognition algorithm onto the time series of harmonic RSSI 

signal. Besides, such a problem can be overcome by performing 

the hybrid simulation of antenna radiation characteristics 

associated with Maxwell’s equations and variations in the shape 

of the face mask associated with the fluid dynamics governed 

by the Navier-Stokes equations. The size of this passive smart 

face mask can be further squeezed by utilizing compact and 

directive antennas, such as Huygens dipoles, and the portable 

RF signal generator and spectrum analyzer. In addition, this 

passive smart face mask can also be designed and manufactured 

based on the flexible, stretchable and porous (breathable) 

materials, such as patterned AgNWs networks on the elastomer 

substrate. This will provide more comfortable and user-friendly 

wireless cough monitoring, which could find various 

applications in monitoring a wide range of health conditions 

and behaviors.  

IV. CONCLUSION 

In this paper, we have demonstrated a lightweight, low-profile 

and fully-passive harmonic tag embedded in a face mask for the 

continuous, real-time wireless cough monitoring. Specifically, in 

the scheme of harmonics-based sensing, the proposed wearable 

sensor is capable of measuring the frequency and pattern of 

cough in the far zone of the cluttered indoor environment. 

Moreover, comparing to traditional cough monitoring 

approaches based on passive antenna sensors or backscatter 

RFIDs, the proposed smart face mask could offer much improved 

accuracy, robustness, and reliability in real-life applications, 

potentially benefiting the rapid healthcare tests (e.g., point-of-

care testing and driver through tests), telemedicine, healthcare 

internet-of-things, and biomedical and clinical research. 
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