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ABSTRACT
Given the pandemic and the high air pollution in large parts of the
world, masks have become ubiquitous. In this poster, we present our
vision and work-in-progress (WIP) towards leveraging the ubiquity
of masks for health sensing and persuasion. We envision masks to
monitor health-related parameters such as i) temperature; ii) lung
activity, among others. We also envision that retrofitting masks
with sensors and display to show localized pollution can create
awareness about air pollution. In this WIP, we present a smart
mask, Naqaab1, that measures forced vital capacity (FVC) of the
lung using a retrofitted microphone. We evaluated the measured
lung parameter on eight persons using an Incentive Spirometer2
and found that our smart mask accurately measures incentive lung
capacity. Naqaab also measures pollution exposure and indicates
via different LED colours. We envision using such a system for eco
feedback.

CCS CONCEPTS
• Human-centered computing→ Interaction devices.
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1 INTRODUCTION
Usage of face mask has become ubiquitous, especially after the
spread of coronavirus 2 (SARS-CoV-2). The World Health Organi-
sation (WHO)3 strongly advises health workers and caregivers of
SARS-CoV-2 infected patients to wear a mask. The general public
is encouraged to wear a mask in public places. The likely advan-
tages of the use of masks by healthy people and the general public
include:

• Reduced potential exposure risk from the infected person
before they develop symptoms.

• Reduced potential stigmatization of individuals wearingmasks
to prevent infecting others.

• Making people feel they can play a role in contributing to
stopping the spread of the virus.

The study by [5] has found discrepancies in the general public and
community settings among different countries on the effectiveness
of the mask. Although the effectiveness of face mask for preventing
infections from SARS-CoV-2 is an active area of research, there is
a consensus on the efficacy of mask to avoid air pollution-related
diseases [2, 3]. Given the ubiquity of masks, in this work in progress,
we explore masks as a sensing and persuasion wearable.
Air pollution is the cause and aggravating factor of many respira-
tory diseases like chronic obstructive pulmonary disease (COPD) [4,
10], asthma [9, 10], and lung cancer [12, 13]. Beside measuring lung
parameters, a mask can also act as a persuasive device by reporting
exposed pollution levels using an on-mask LED. Real-time air pol-
lution information via the mask would empower people to make
choices.

Previous work has proposed measuring lung function using smart-
phones [6]. Given the ubiquity of masks, we measured the incentive
lung capacity (known as FVC or Forced Vital Capacity) using the
microphone as a sensor embedded in the mask (Figure 1). We com-
pared our result with a spirometer and found that the estimated
incentive lung capacity (inhale cycle of FVC) to be 100% accurate
with the incentive lung capacity reported by the Spirometer. We
also measured air quality using a Carbon Monoxide (CO) sensor
and report its efficacy by creating a source of CO in a closed room.
We are currently working on i) measuring the amount of air an
3https://www.who.int/emergencies/diseases/novel-coronavirus-2019/advice-for-
public/when-and-how-to-use-masks
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 Figure 1: (a) A person wearing Naqaab. The green colour of
the RGB LED indicates the pollutant level around the user.
(b) The interface of the mobile application showing pollu-
tant level and lung parameters. (c) The green LED indicated
that the pollutant levels are low. (d) In the presence of smoke
(from incense stick in this case) rise in pollutant level is in-
dicated by red LED.

individual can force out of her lungs in one second (known as FEC
or Forced Expiratory Volume). FEC, in combination with FVC, gives
a quantitative measure of the health of the lung and ii) measuring
human temperature using an IR based thermometer.

2 APPROACH
We planned our prototype over a surgical mask, given that they
are light and thin. A successful prototype over a surgical mask
ensures that the prototype would work on any other commercial
mask available.

We now talk about sensing lung parameter followed by signal pro-
cessing, spirometry and measuring ambient air quality using a
smart mask.

2.1 Lung Health Monitoring
Sensing Lung Parameter: After selecting an appropriate mask,
we use the MEMS microphone embedded on the Arduino 33 BLE

sense microcontroller to record the breathing sound. The raw audio
is sent to the user’s smartphone over Bluetooth low energy (BLE)
for processing. A LiPo battery was used to power the microcon-
troller. Note that during the experiment, we interfaced a memory
card to the microcontroller to retrieve the raw audio. Figure 2 shows
the setup.

SD 
Card

Arduino Nano 33 BLE 
Sense Battery MP34DT05

Microphone

(a) (b)

Cover over 
circuit

Figure 2: The circuitry of Naqaab. (a) Shows the components
of the system. (b) Shows the microphone on the Arduino
Nano 33 BLE Sense.

Signal Processing: The participants were asked to take a deep
breathe and exhale while keeping the smart mask intact on their
face. The recorded audio was analysed. Previous study [1, 8] has
shown that a person’s breathing is divided into four different phases.
They are inspiratory phase, inspiratory pause, expiratory phase
and expiratory pause. The “pause” phases are of low frequency
and saturated with background noise whereas the other phases
are speech signals. We use Voice Activity Detection (VAD) [11] to
segment noise and speech. We underline the steps for VAD below.

Time and
Energy of t1 
and t2 voice

1.Gender 
2. Height 
3. Age

Forced  
Vital

Capacity

a)

c) d)

e)

t1 voice t2 voice

t1 silence t2 silence
b) c)

Figure 3: Flowchart of lung capacity estimation usingmicro-
phone. (a) Mask withmicrophone and controller. (b) Raw in-
put signal and (c) signal obtained after filtering. (d) estimat-
ing non silence time signal and associated energy. (e) com-
bining user’s empirical parameters to obtain FVC.

(1) The raw audio 𝑥 (𝑡) is filtered using a Butterworth high pass
filter. To remove noise artefacts, we experimented with cut
off frequencies ranging from 20 Hz to 50 Hz and found that
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at 40 Hz and order 5, the results were optimal. Let 𝑡1,𝑣𝑜𝑖𝑐𝑒 ,
𝑡1,𝑠𝑖𝑙𝑒𝑛𝑐𝑒 represent the inspiratory phase and pause respec-
tively. Let 𝑡2,𝑣𝑜𝑖𝑐𝑒 , 𝑡2,𝑠𝑖𝑙𝑒𝑛𝑐𝑒 represent the expiratory phase
and pause respectively. The total time of the breathing cycle
can be represented as

𝑇𝑏𝑟𝑒𝑎𝑡ℎ−𝑐𝑦𝑐𝑙𝑒𝑠 (𝑖) =
𝑛∑
𝑖=1

𝑡1𝑣𝑜𝑖𝑐𝑒 𝑖
+ 𝑡1𝑠𝑖𝑙𝑒𝑛𝑐𝑒 𝑖

+ 𝑡2𝑣𝑜𝑖𝑐𝑒 𝑖
+ 𝑡2𝑠𝑖𝑙𝑒𝑛𝑐𝑒 𝑖

where 𝑖 represents 𝑖𝑡ℎ breathing cycle.
(2) The non-silent information is extracted from the raw signal

using a window of 0.25 seconds. The window size was based
on empirical evidence. The total time for non-silence can be
given as :

𝑇𝑠𝑝𝑒𝑒𝑐ℎ−𝑝ℎ𝑎𝑠𝑒𝑠−𝑏𝑟𝑒𝑎𝑡ℎ (𝑖) =
𝑛∑
𝑖=1

𝑡1𝑣𝑜𝑖𝑐𝑒 𝑖
+ 𝑡2𝑣𝑜𝑖𝑐𝑒 𝑖

(3) The amplitude of the non-silence signal corresponds to the
energy of the signal. Mathematically,

𝑒 =
∑

|𝑥 (𝑡) |2 (1)

(4) The energy 𝑒 from Equation 1 is used to calculate the FVC
which is given as,

𝐹𝑉𝐶𝑚 =
15𝑒
100

(0.1524 ∗ ℎ − 0.0214 ∗ 𝑎 − 4.65)𝑡 (2)

𝐹𝑉𝐶𝑓 =
15𝑒
100

(0.1247 ∗ ℎ − 0.0216 ∗ 𝑎 − 3.59)𝑡 (3)

where, 𝑎 is the age of an individual in years, ℎ is the height
in inches, 𝑚 for male and 𝑓 for female. The average time
duration of exhaling and inhaling is given by 𝑡 . Equation 2
and 3 are based on empirical data and estimates as reported
by [1].

The signal processing pipeline is shown in Figure 3. We use a
spirometer to evaluate the measured Forced Vital Capacity of the
lung.

2.2 Ambient Air Quality Monitoring:
We use a Carbon Monoxide sensor embedded on the mask to mea-
sure the air quality. We planned to measure particulate matter
(PM2.5) and display it using a 128x32 monochrome OLED. But re-
strictions put forward by the administration due to ongoing COVID-
19 situation created hurdles of procurement. Hence, we used a tra-
ditional inorganic LED on the exterior of the mask to indicate the
quality of air. We created a CO source by burning an incense stick
to evaluate the efficacy of air quality monitoring.

The entire system is driven by the microcontroller powered by a
3.3V battery. The current consumption is < 169.6𝑚𝐴 with a 22 Ω
load resistance across the CO sensor.

3 EVALUATION
Lung Function:
To evaluate our smartmask, we created a dataset of 16 audio samples
and ground truth of spirometry data. We recruited eight individu-
als, five male and three female. None of the recruited individuals
suffers from lung-related ailments. The study was conducted in

Figure 4: An individual using the three-ball spirometer.

Table 1: Participant statistics and result of evaluating
Naqaab against the three-ball spirometer. The spirometer
has output in one of the three ranges between 600 𝑐𝑚3/𝑠, 900
𝑐𝑚3/𝑠, and 1200 𝑐𝑚3/𝑠.

Subject
Number

Age

(years)

Height

(inches)

Gender Time

(sec)

Forced
Vital

Capacity
(L)

Incentive
Lung

Capacity
(cc/sec)

Spirometer
Reading

(cc/sec)

S1 19 70.8 M 5.5 4.60 1100.00 1200
5.0 4.20 1128.20 1200

S2 17 69.6 M 3.0 2.50 889.60 900
4.4 3.20 1150.00 1200

S3 49 69.6 M 2.2 1.65 733.33 900
1.5 1.34 848.60 900

S4 16 60.6 F 3.5 2.90 1186.20 1200
5.5 2.78 1183.60 1200

S5 51 69.0 M 5.7 4.81 1644.00 1200
7.0 5.01 1775.40 1200

S6 45 66.0 F 4.5 3.00 985.20 1200
4.7 2.60 1094.00 1200

S7 22 61.2 F 6.0 3.20 1166.60 1200
5.0 3.23 1121.40 1200

S8 23 67.6 M 5.7 4.62 1666.60 1200
5.5 4.80 1624.40 1200

a non-clinical lab setting. Our objective was to compare the FVC
measure reported by our smart mask with a spirometer. We used
a three-ball spirometer instead of a fine-grained one given the
lockdown restrictions due to SARS-CoV-2. The three-ball spirom-
eter measures incentive lung capacity (ILC) in three intervals, i.e
ILC≤ 600𝑐𝑚3/𝑠 , 600𝑐𝑚3/𝑠<ILC≤ 900𝑐𝑚3/𝑠 and ILC> 900𝑐𝑚3/𝑠 .
One of our investigators demonstrated the use of the spirometer
so that each participant is comfortable in using it. Each participant
was asked to carry out two tasks. First, we asked each individual
to wear our smart mask and exhale after taking a deep breath. Sec-
ond, each individual repeated the first task using the spirometer
without wearing the smart mask, as shown in Figure 4. The time
difference between the first and the second task is not more than 15
minutes on an average. The experiment was conducted two times
per subject to ensure correctness. Sharp deviation of the result
from both the experiment indicates that a participant is not per-
forming the task confidently and needs further supervision. The
estimated ILC from the smart mask were classified into three levels,
ILC≤ 600𝑐𝑚3/𝑠 , 600𝑐𝑚3/𝑠<ILC≤ 900𝑐𝑚3/𝑠 and ILC> 900𝑐𝑚3/𝑠
given that our handheld spirometer reports ILC in the same three
categories. The classification of the estimated ILC matched the clas-
sification reported by the spirometer for all the participants. The
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recorded observations are shown in Table 1.

Ambient Air Quality Monitoring
To monitor the ambient air quality, we used a COTS-based MQ-7
Carbon Monoxide (CO) sensor instead of the planned particulate
matter PM2.5 sensor due to procurement challenges gave the lock-
down due to SARS-CoV-2. To evaluate its effectiveness, we moni-
tored the CO value in a well-ventilated room for 30 minutes. We
then exposed the ambient environment to burned incense sticks
for the next 30 minutes as shown in Figure 1 (c) and Figure 1 (d)
respectively. Incense sticks emit a mixture of fuel and oxidizer when
burned, making them a source of CO. The difference in CO value
was not more then 66.66%. We programmed the LED to change
colours from green being clean air to red being hazardous. We
envision such displays making people aware of the pollution in
their surroundings, especially when air pollution locally can be
significantly higher than the nearest ambient air quality monitor.

4 LIMITATIONS AND FUTUREWORK
Our project on the smart mask is a Work In Progress, and the lock-
down announced by state administrations limited several aspects of
it. The objective of our work is to engage with the Ubicomp commu-
nity and take feedback. Below we mention the current limitations
of our project and the future work.

(1) Our smart mask currently measures the Forced Vital Ca-
pacity (FVC). Recent advances in the community success-
fully measure lung health using the Forced Expiratory Vol-
ume (FEV) in combination with FVC [6]. We are currently
working on estimating the FEV parameter. Furthermore, our
current system required the user to take deep breaths con-
sciously. Such a system is thus not completely in-situ. In
the future, we would like to develop techniques for in-situ
measurement without active user involvement.

(2) We monitored only carbon monoxide as an ambient air qual-
ity parameter. In the future, we will measure the particulate
matter (PM2.5) concentration. We will study the strategies
for eco-feedback using OLED displays in the smart mask and
carry out user studies to evaluate its efficacy.

(3) We are also investigating the use of various energy harvest-
ing techniques for powering the sensors and microcontroller.

(4) On the design aspect, our objective is to create a retrofit
that can easily be affixed on any mask. We assume that
such a retrofit will leverage conductive thread and In-Situ
Polymerization [7].
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