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Abstract— Radar based contact-free technology has number
of potential applications for monitoring the cardiopulmonary
functions of patients. However, no study has evaluated the
effect of gender on the quality of the recordings. This study
makes an attempt to distinguish radar based recording of
male and female subjects. The study analysed a publicly
available dataset of radar-recorded heart sound signals from
both male and female subjects. Here, we exploit the reference
signal-to-noise ratio (RSNR) to quantify the signal’s quality.
The results indicate that there is a significant difference in the
signal quality between males and females, with males having
a higher RSNR value compared to females. This could be a
limitation in the widespread use of the current radar based
cardiopulmonary recording techniques and overcoming this
should be considered for future research.

Clinical relevance— This work has highlighted the gen-
der based difference. By considering this, the radar based
cardiopulmonary device has the potential for being used for
patients requiring long-term monitoring.

I. INTRODUCTION

Continuous monitoring of cardiac and pulmonary activity
is essential, especially for the critical and high-risk patients
during hospitalisation. These are often the basis for deter-
mining the treatment protocol [1]. Electrocardiogram (ECG),
Photoplethysmography (PPG), and Phonocardiograph (PCG)
are some of the modalities used for this purpose. PPG mea-
sures the blood oxygenation, PCG is the sound of the heart,
whereas the ECG is based on the recording electrical activity
of the heart. The each of these are of utmost importance and
routinely used in clinical practice, there is one shortcoming
in each of these; the need for physical contact with the body.
Long-term monitoring often leads to discomfort, and the
presence of artifacts due to motion, and placing of electrodes
on patients with extensive injuries or burns may not even be
feasible [2]. Thus, there is an urgent need for non-contact
methods for monitoring the cardiac and pulmonary activity
of patients [3].

The majority of the current non-contact vital sign mon-
itoring systems rely on imaging, radar, and laser technolo-
gies [4]–[7]. While each of these has unique advantages,
radar-based techniques promise to be compact, inexpensive
and less sensitive to patient movement.
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The radar system, also referred to as Doppler system [8]
detects the motions on the chest skin’s surface to get the
information about the cardiorespiratory activity. Several tech-
niques for sensing cardiopulmonary activity were developed
using microwave Doppler radar. When a microwave signal is
sent towards a person’s chest, it undergoes modulation due
to small chest surface displacement. Subsequently, the signal
that bounces back from the person’s chest carries information
about the chest displacement caused by cardiopulmonary
activity such as breathing and heartbeat.

The displacements caused by cardiopulmonary activity can
differ from one individual to another. To accurately measure
the overall movement of the chest wall, various quantitative
methods have been used in the past. These include the
techniques that use structured lights and the Moire effect [9],
a single point laser displacement system [10], impulse
cardiogram [11], a magnetic displacement sensor [12], a
capacitance transducer [13], and a microphone that records
heart sounds [14]. Due to differences such as age and body
shape, these values corresponding to each heartbeat can vary
between individuals.

The impact of the left ventricle on the chest results in
the most significant movement of the chest wall, which is
observed at the fourth and fifth intercostal spaces. When
clinicians are effectively listening to the mitral valve for
women, they place their stethoscope under the fold of the
breast tissues. Thus, breast tissue may limit radar’s ability to
detect chest wall movement.

In women, breasts are typically located on the chest wall
between the second and sixth ribs, which may result in
less overall displacement of the chest surface compared to
men. The highest level of movement detected at the point of
maximum contraction using non-contact sensors is typically
around 0.6mm [15], and this value can vary greatly among
individuals due to factors such as physiology, health, fitness,
and age. Can the breast tissues have a significant impact on
the recordings using the Doppler radar system? This question
is important if the Doppler radar system has to be used by
clinicians in the healthcare to monitor their female patients.

There is no published work where this question has been
explored. This study aims to examine the impact of human
gender on the heart sound signal measured using radar
technology.

II. MATERIAL AND METHODS

In 2018, Will et al. [16] published a pioneering study in
the field of measuring heart sounds using radar technology.
They used a six-port radar system placed 20 cm away from
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Fig. 1. Experimental Setup (image was taken from [17])

TABLE I
DATABASE DESCRIPTION

Descriptors Public Dataset
No of Subjects 11 (7M, 4F)
Recording Length 60s
Sampling Rate 2000 Hz
Distance 20cm
Radar six port radar

the subjects to record chest surface displacement, along with
synchronized ECG and PCG data. The recorded data were
analyzed to demonstrate the feasibility of measuring heart
sounds using radar.

The impact of gender on the radar-recorded heart sounds
quality was examined in this study, utilizing a comprehensive
database published by Shi et al. [17] in 2020. This database
included recordings of radar heart sounds, ECG, PCG, and
respiration.

A. Details of the radar heart sound dataset

The study utilized a dataset consisting of synchronized
data collected using a 24 GHz six-port radar system, an
ECG, a respiration sensor, and a digital stethoscope. fig-
ure 1 depicts the experimental setup. The dataset includes
measurements from 11 test subjects in various scenarios and
positions, including various frontal positions on the thorax,
carotid, and back. The study comprised 11 participants, with
7 males and 4 females. The average age of the partici-
pants was 34.73±15.94 years, and their average BMI was
23.19±3.61kg/cm2. Most of the measurements were taken in
a default scenario where the subject was in a relaxed sitting
position and breathing freely. The ROIs on the thorax, where
heart sounds have high signal quality, were identified and
used for placing both the radar and PCG.

The dataset included a excel sheet with information of
signal quality for the radar and PCG recordings of the two
heart sounds (S1 and S2), the ECG signal, and the respiration

Fig. 2. Block Diagram of the Proposed Methodology.

sensor signal. Heart sound signals that exhibited clear signals
for over 90% of the recording and had high quality were rated
as ”A”.

This dataset, that is being used for this study, contains 176
recordings from the default scenario. These recordings were
rated on signal quality by the author, who used a scale of
A, B, or C to evaluate the overall signal quality. Our study
only included recordings that received an overall rating of A
and were recorded by placing radar and PCG sensor at the
front i.e, on the thorax portion. This resulted in a total of
73 recordings covering all 11 subjects receiving an A rating
and recorded by positioning the radar and PCG sensor in the
front.

B. Proposed methodology

To compare the data of males and females in the dataset,
the quality of the recordings was used as a parameter. To cal-
culate this parameter, the radar signal was filtered to extract
the radar heart sound. The R peak and end T wave were then
used to label the four states of the radar heart sound. Finally,
the signal quality was measured using reference signal-to-
noise ratio (RSNR) for each recording. The figure 2 illus-
trates the block diagram for the proposed methodology. The
RSNR parameters were then used to analyse the significant
differences between male and female recordings using a two-
tailed unpaired t-test. The following sections describe the
filtering, labeling, and RSNR calculation techniques in more
detail.

C. Data pre-processing and data labeling

In this study, a zero-phase forward-backward fourth-order
Butterworth bandpass filter was employed to extract the radar
heart sound from the raw radar data. The filter was designed
with cut-off frequencies ranging from 16 to 80 Hz, and the
filter parameters were taken from Will et al [16].

The figure 3 below illustrates the graph for person 3. The
data was recorded in the default scenario, with the PCG
sensor placed at the 4R position and the radar positioned
at the 4L position.

A reference segmentation of the data was performed as
a first step to assess its quality. Using the reference ECG
signal that was simultaneously recorded with the radar signal,
the radar heart sound signal was automatically divided into
four states: S1 (first heart sound), systole, S2 (second heart
sound), and diastole. The R-peak and end-T-wave positions
computed from the synchronous ECG signals were used to
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Fig. 3. Examplary Filtered PCG and Radar data of Person 3 (Radar 4L PCG 4R)

determine the positions of the S1 and S2 sounds within the
radar-based heart sounds.

The R-peak of the ECG marked the beginning of S1, and
the interval from each R-peak to the mean S1 duration from
each R-peak was referred to as an S1 sound [18]. In the
ECG, the S2 sound appears roughly at the end of the T-
wave [19]. Therefore, labeling solely based on the position
of the end-T-wave would be incorrect. The S2 sound would,
however, be at its loudest near the end of the T-wave. In
order to locate the center of the S2 sound, the highest peak
in the Hilbert envelope of the radar-based heart sound signal
within a defined search window surrounding the end-T-wave
was used. This search window was set to the end-T-wave
position minus the longest expected S2 duration. The center
of the S2 sound was determined to be where the Hilbert
envelope’s maximum value fell within this search window.
The S2 sound was defined as an interval with a length equal
to the expected S2 sound and centered on this maximum
position.

The time interval between the S1 and S2 sounds is referred
to as systole, while the time interval between the S2 and S1
sounds is referred to as diastole.

The first and second heart sounds have predefined empir-
ical values. The mean S1 duration was set to 122ms, the
mean duration for S2 was 92ms while the duration for the
standard duration for the special window was 114m [20].

The figure 4 illustrates the labeled radar heart sound,
segmented using the recorded synchronized ECG signal’s R
peak and end T wave. The four states S1, systole, S2, and
diastole were labeled as explained in the previous section.

D. RSNR calculation technique

To investigate the quality of the radar heart sound, a
reference signal-to-noise ratio (RSNR) was defined as the
key parameter. The period of S1 and S2 was taken as the
signal plus noise of one heartbeat cycle, and the remaining
period, i.e. systole and diastole period for the same heart
cycle, was considered as noise to define the RSNR for a
heart cycle. Then the RSNR value was calculated using the
equation 1.

RSNRdB = 10 log10

(
Pow(S1) + Pow(S2)

Pow(Sys) + pow(Dia)

)
(1)

Each individual heartbeat cycle yields an RSNR value.
The signal RSNR value is determined by averaging over the
N fully included heart sound cycles in a recording.

RSNRsig =
1

N

N∑
n=1

RSNRn (2)

In the example shown in figure 4, the RSNR for the
illustrated heart cycle is 14.7290, while the RSNR for the
complete recording was calculated as 13.309dB.

III. RESULT

The RSNR was calculated for the 73 recordings that were
labeled as ”A” for PCG and radar signals. Table 2 shows the
mean ± standard deviation signal-to-noise ratio. It can be
observed that the mean RSNR for males is 8.5480±2.2854,
while for females, the mean RSNR is 5.8200±2.2058.

The two-sided unpaired t-test was used to perform signif-
icance testing, and it was determined that the p-value was
0.000135, indicating that the male and female RSNR values
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Fig. 4. Four states labeled Radar heart sound data

TABLE II
DATABASE DESCRIPTION

Dataset RSNR P-valueMale
(mean ± SD)

Female
(mean ± SD)

Public dataset 8.5480±2.2854 5.8200±2.2058 0.000135

Fig. 5. RSNR of male and female

differ significantly from one another. Figure 5 illustrates the
box plot for the male and female RSNR data.

IV. DISCUSSION

The study investigates how biological sex affects the
quality of radar-measured human heart sound signals. A

publicly accessible database of radar-recorded heart sound
signals from both male and female subjects was analysed for
the study. The study found that the quality of heart sound
signals measured by radar differs significantly between males
and females. The mean RSNR value for males was 8.5±2.28,
while for females, it was 5.8±2.20. The two-sided unpaired t-
test results show that the difference is statistically significant,
with a p-value of 0.000135.

One possible explanation for differences in RSNR values
may be due to the differences in chest surface displacement
between males and females. Chest surface displacement,
which is the motion of the chest wall caused by the contrac-
tion of the heart, is a crucial aspect in measuring heart sounds
using radar. The presence of breast tissue in females may
dampen the chest wall motion, which could be a contributing
factor to the difference in chest surface displacement. Thus,
while a clinical examination often requires the stethoscope
to be placed under the breast fold, radar-based contact-
free recording will only measure the displacement of the
chest. Additionally, other factors such as higher average BMI
among females may also be a contributing factor, which
however was not evaluated in this study because of the size
of the dataset.

The location of the heart and surrounding tissues can affect
the quality of the radar signal. It is likely that there are
differences in the chest anatomy of males and females, with
females in general having heavier breast tissues and a smaller
chest size compared with men. Both of these factors may lead
to differences in the radar-based recordings associated with
the heart sound, resulting in lower SNR among women.

It is also important to note that these differences in signal
quality may have an impact on the quantification of non-
contact based heart sound measurement using radar tech-
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nology. The future direction of research should be inclined
toward investigation of causes for such differences and to
develop methods to improve the accuracy of radar-measured
heart sound signals in both males and females. One important
outcome of this work is that it has identified a possible
limitation in the widespread use of the current radar based
cardiopulmonary recording techniques, overcoming which
should be considered for future research.

V. LIMITATIONS

There are number of limitations of this study, specifically
related to the size of the database, unavailability of the
anatomical measurements of the chest and breast of the
participants. Thus, while this study can state that there is a
gender based difference in this dataset, more work is needed
for this to be generalised. It is also not possible to identify
the cause of the differences, which may be due to breast
tissues, the size of the chest, or BMI.
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