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INNOVATION

Validation of a novel contact-free heart and respiratory rate monitor

Ofer Havakuka,b, Ben Sadeha,b, Ilan Merdlera,b, Zeev Zalevskyc,d, Javier Garcia-Monrealc,e, Sagi Polanic� and
Yaron Arbela,b,c�
aDepartment of Cardiology, Tel Aviv Medical Center, Tel Aviv, Israel; bSackler Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel;
cContinUse Biometrics Ltd., dba Donisi Health, Tel Aviv, Israel; dFaculty of Engineering, Bar-Ilan University, Ramat-Gan, Israel;
eDepartment of Optics, University of Valencia, Spain

ABSTRACT
There is a growing need for remote monitoring of patients due to a lack of resources and infec-
tion control. Current systems use sensors that require constant physical contact with the user,
which may result in discomfort or lack of adherence. In the present study, we evaluated the
accuracy of a new contact-free system to monitor heart and respiratory rate. Study participants
were measured simultaneously using two devices: a contact-free optical system that measures
nano-vibrations and movements (investigational device, “Gili Pro BioSensor”) and a standard ref-
erence bed-side monitor, inclusive of an electrocardiogram and capnograph modules
(MindrayVR ). Co-primary endpoints included HR and RR accuracy in subjects without active
arrhythmias for HR, and for all study populations for RR (i.e., for subjects with and without active
arrhythmias). Confirmatory secondary endpoints included HR scored continuously for all study
populations, inclusive of subjects with arrhythmias. The present study included 115 patients
who completed study procedures. Mean age was 66±14.6 (range 29–93) with 60% males, 31%
obese patients (i.e., BMI > 30 kg/m2, range 17–44) and 56% measured in a chair. For the dicho-
tomised accuracy analysis, both co-primary endpoint for HR and RR resulted in 100% accuracy
(95% CI: HR 98.8–100%; RR 98.9–100%), whereas for the confirmatory secondary analysis, 99.1%
of the HR measurements across subjects with and without active arrhythmias were deemed
accurate (95% CI: 97.4–99.8%). The current study demonstrated over 99% accuracy in detecting
heart and respiratory rate using a novel contact-free optical system.
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1. Introduction

As medical care is improved and patients live longer
and with more comorbidities, there is a growing need
for monitoring them. In recent years, telemedicine has
become part of mainstream medical care. Current sys-
tems in place are excellent in monitoring patient’s
vitals, but the majority of them utilise sensors that
require constant and secure physical contact with the
user, which may result in discomfort and/or lack of
adherence. Such sensors also increase the risk for hos-
pital-acquired infections due to their contact-based
multi-use nature – a pertinent issue amid recent pub-
lic health developments (COVID-19).

In this respect, contactless monitoring solutions
may offer clinicians a way to accurately measure
patients’ vital signs in a non-intrusive manner. In
patients with chronic cardiac and respiratory condi-
tions, small changes to heart rates (HR) and respiratory

rates (RR) may signal patients at risk for an exacerba-
tion [1–5]. In patients with infectious diseases, higher
HR and RR might be additive in detecting infirmed
patients in addition to infra-red temperature
measurements.

Contact-free devices for vital sign monitoring have
been previously described in scientific literature, and
are mainly aimed at deciphering HR, RR and/or heart
rate variability (HRV). The underlying technologies
comprising these contact-free devices are roughly div-
ided into three categories: camera-based systems [6],
laser-based systems [7,8] and radio-frequency (RF) or
Tera-Hertz (THz) based systems [9–11]. Although these
technologies have gained a lot of interest amid the
recent COVID-19 outbreak, the majority of them have
not been validated via rigorous clinical studies or have
not obtained vast regulatory clearances for measuring
both HR and RR.
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In this sense, this study aimed to evaluate the
accuracy of a novel contact-free optical device for
spot-measurement of both heart and respiratory rates
(Gili Pro BioSensor, Donisi HealthVR ). The system func-
tions via analysis of optical signals using an image
sensor (camera) alongside a coherent light source
(laser). The laser is used for illuminating the inspected
subject while the camera, with its optics, analyzes the
time-changing spatial distribution of the statistics of
the backscattered self-interference light patterns.
These backscattered patterns are called secondary
speckle patterns and are generated due to the unique
physical properties of the laser light, that is, temporal
and spatial coherences [12–14].

The aim of the present study was to validate the
accuracy of the Gili Pro BioSensor compared to a
standard FDA-cleared reference bed-side monitor in a
myriad of subjects.

2. Methods

2.1. Study population

This prospective study included subjects admitted/vis-
iting the cardiology ward and/or outpatient clinics for
various indications. During their stay, subjects were
offered to participate in this non-invasive comparative
study. Subjects were screened according to the inclu-
sion/exclusion criteria and upon eligibility confirm-
ation, subjects have consented. The inclusion criteria
included: age � 18, hemodynamically stable as
assessed by the investigator, willing and able to sign
an informed consent. The exclusion criteria included:
the presence of a condition that may interfere with
the devices’ performance during spot-measurement
(e.g., nausea, vomiting, persistent coughing, tremor,
mouth breathing, etc.), reflective garments (e.g.,
sequin, silk, or similar), or highly textured garments
(e.g., fur, thick lace, shaggy wool, etc.), and parallel
participation in another clinical trial. A total of 120
subjects were recruited of which 115 completed study
procedures. Five patients did not complete the study
due to technical difficulties with the reference device.
This study was conducted at the Tel-Aviv Sourasky
Medical Centre (TASMC), Israel, under IRB approval
#TLV-0168-19.

2.2. Study devices

Study participants were measured simultaneously
using two devices: (1) Gili Pro BioSensor (investiga-
tional device, “Gili”) and (2) A standard FDA-cleared
reference bed-side monitor, inclusive of a 6-lead

electrocardiogram (ECG) and capnograph modules
(MindrayVR Benevision N1, Shenzen, China). The Gili
device is a contact-free optical system consisting of an
optical sensing unit controlled by a tablet. The sensing
unit is placed in front of the inspected subject and
captures physiological data without any physical con-
tact. The device consists of an illuminating light source
(class 1, eye-safe laser), a digital image sensor (cam-
era), range metre and firmware to facilitate data proc-
essing (Figure 1). The system functions on the
principle that subtle movements (nano movements) of
a given surface (e.g., the thoracic wall) are recognised
when illuminated via the light source while the device
simultaneously captures the back-reflected light pat-
tern (secondary speckle pattern) via the camera.
Temporal changes in the reflected light pattern are
coupled with the motions of the illuminated surface,
which are affected by heart and breathing motions.
Analysis of these motion-coupled light patterns during
spot-measurement enables correlation of these
motions with different physiological manifests (e.g.,
seismo/phonocardiography) of which specific vital
signs, like heart and respiratory rates, can be
derived [12–14].

The device captures only motion-related data. No
full-scale images of the inspected subject are taken at
any time via the Gili device, essentially maintaining
the subject’s privacy. Heart and respiratory rate values
are displayed on the user interface (UI) of the mobile
unit (Figure 1).

2.3. Procedure and test methods

Following the signing of the informed consent,
patients were asked to sit in a chair or in a bed with
the backrest raised. For comparative reference meas-
urements, nasal tubes were placed in the patient’s
nostrils and accompanying ECG electrodes were
placed on the patient’s chest according to the manu-
facturer’s guidelines. Patients were allowed to rest for
5min in order to reach a physiological steady state.
During this time, the reference device was turned on
and allowed to stabilise, while the Gili device was
adjusted to point to the left side of the patient’s chest.
Following the 5-min resting period, both Gili and ref-
erence devices were prompted to take a synchronised
spot-measurement session of at least 3-min, essentially
providing 3� 60-s intervals for analysis per patient.
Following completion, data was exported from both
devices for offline comparison. For HR, reference ECG
data were averaged across each interval. For RR, refer-
ence data was based on clinician over-scored
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capnograms (COSC). Verification of reference ECG/cap-
nogram waveform data quality was done via manual
inspection by two certified cardiologists blinded to
each other and to the reference device. In case of dis-
crepancy, a third cardiologist was consulted.

2.4. Data and statistical methods

All descriptive statistics were tabulated using mean,
standard deviation, minimum, median, maximum and
number of observations. Categorical variables were
tabulated using the number of observations and
percentages.

Study endpoints were based on 60-s measured
intervals. Co-primary endpoints included HR and RR
scored continuously (via both reference and test meas-
urements) in subjects without active arrhythmias for
HR, and for all study populations for RR (i.e., for sub-
jects with and without active arrhythmias).
Confirmatory secondary endpoints included HR scored
continuously for all study populations, inclusive of
subjects with arrhythmias.

In order to compare between Gili and reference
data, a logistic regression with a mixed model based
on compound symmetry covariance structure as rec-
ommended via the CLSI-EP09 guideline was used [15].
In addition, Pearson correlations between reference
and test were also sought.

For the co-primary endpoints, the following accept-
ance criteria were specified for both HR and RR:

1. Point estimate of the correlation estimated as
described above is at least 0.95

2. 95% confidence interval (CI) for the slope of the
regression line is wholly included in the range
1 ± 10%, that is, (0.9, 1.1)

3. 95% CI for the intercept of the regression line is
wholly included in the range:

a. 0 ± 3 bpm, that is, (�3, 3), for HR in patients
without active arrhythmia.

b. 0 ± 2 breaths/min, that is, (�2, 2), for RR.

For the confirmatory secondary endpoint on HR
across all study population (with and without arrhyth-
mias), the 95% CI for the intercept of the regression
line was slightly expanded to include the range of
0 ± 5 bpm, that is, (�5, 5).

Supportive analyses for the above (primary and
confirmatory secondary endpoints) were performed in
a descriptive manner and included: (1) Bland-Altman
plots along with 95% limits of agreement (LoA)
accounting for multiple within-subjects measurements,
and (2) frequency distribution for the dichotomised
accuracy (i.e., accurate or inaccurate) as defined above,
including 95% CI estimated using logistic regression
with subject random effect to account for potential
within-subject dependency [16].

All statistical analyses were carried out using SASVR

Version 9.4.

Figure 1. Gili Pro BioSensor. (a) Gili sensing unit, measuring 160� 100� 28mm (6.3� 4 � 1.1 inches). (b) Measurement setup.
(c) User interface with heart and respiratory rates.
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3. Results

3.1. Baseline characteristics

A total of 115 subjects completed the study proce-
dures. Mean age was 66± 14.6 (range 29–93) with
60% males, 31% obese patients (i.e., BMI > 30 kg/m2,
range 17–44) and 56% measured in a chair (Table 1).
In addition, the population included 13.3% of patients
with an ongoing respiratory condition (of which 7.5%
have COPD), 12.5% with abnormal chest shape (includ-
ing barrel chest deformity; Table S1). Seventy Percent
of subjects had relatively bright skin tones, 17.5% with
a brown skin tone, and 12.5% with dark skin tones
(Tables S2). Subjects’ clothing varied in the type of
garment, colour and number of layers. About half of
subjects wore an undershirt or T-shirt, 24% wore a
hospital gown and 18% wore a dress shirt or blouse,
while a few wore sweaters (7%) (Table S3). The vast
majority of subjects had only one layer of clothing
(77%), though several had two layers (18%) or even
three layers (5%). Lastly, 15% of measured subjects
had an active arrhythmia during the measurement, of
which 3% had atrial fibrillation (Afib). Details of the
frequency distribution of medical history entries as evi-
dent in subjects’ medical records can be found in sup-
plemental Table S4.

3.2. Efficacy results

For the primary endpoints, a total of 294 evaluable
intervals accounting for 101 subjects without an active
arrhythmia were available for the HR analysis, while
340 evaluable intervals accounting for 115 subjects
with and without arrhythmias were available for the
RR analysis. For HR, measured values ranged between
38–100 bpm, in which the resulting regression
between Gili and ECG provided a slope and intercept
of 0.99 (95% CI: 0.99–1.0) and 0.51 (95% CI: 0.18–0.84),
both well within the pre-specified acceptance ranges
of 1 ± 10% and ±3 bpm, respectively (Figure 2(a)).
Bland–Altman plot provided narrow limits of the
agreement also well within the pre-specified accept-
ance range (Figure 2(b)).

For RR, measured values ranged between
6–34 breaths/min, with the regression line

encompassing a slope and intercept of 0.99 (95% CI:
0.97–1) and 0.17 (95% CI: �0.08 to 0.42), both also
well within the pre-specified acceptance ranges of
1 ± 10% and ±2breaths/min, respectively
(Figures 3(a,b)).

For the confirmatory secondary endpoint, a total of
339 evaluable intervals with and without active
arrhythmias were used for HR analysis. The slope and
intercept were 0.98 (95% CI: 0.97–1.0) and 1.1 (95% CI:
�0.02 to 2.3), both well within the pre-specified
acceptance ranges of 1 ± 10% and ±5 bpm (and even
within ±3 bpm), respectively (Figures 4(a,b)).

Pearson correlation values between Gili and the ref-
erence device were R¼ 0.999 (CI: 0.998–0.999,

Table 1. Baseline demographic characteristics of subjects
included in the study.
Variable n

Age (years, mean ± STD) 65.9 ± 14.6
Gender (%M:F) 60:40
BMI (kg/m2, mean ± STD) 28.3 ± 5.4
Measurement position (%Chair:Bed) 56:44

Figure 2. Scatter (a) and Bland–Altman (b) plots of compara-
tive HR measurements (primary endpoint).
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p< 0.001) for HR and R¼ 0.990 (CI: 0.986–0.993,
p< 0.001) for RR.

For the dichotomised accuracy analysis, both co-
primary endpoint for HR and RR resulted in 100%
accuracy (95% CI: HR 98.8–100%; RR 98.9–100%),
whereas for the confirmatory secondary analysis,
99.1% of the HR measurements across subjects with
and without active arrhythmias were deemed accurate
(95% CI: 97.4–99.8%).

Device accuracy was not affected by the different
analysed covariates, that is, gender, BMI, clothing
layers and external clothing colour, chest anatomy
(including barrel-chests), respiratory conditions

(including COPD), skin pigmentation (based on
Fitzpatrick skin scale), history of arrhythmia, depart-
ment, and subject position (sitting in a chair or in bed
with the backrest raised).

No adverse events were recorded throughout
the study.

4. Discussion

In the present study, we evaluated the accuracy of a
non-contact optical system (Gili) to detect both heart
and respiratory rates during a spot-measurement in a
heterogeneous group of patients. Our study

Figure 3. Scatter (a) and Bland–Altman (b) plots of compara-
tive RR measurements (primary endpoint).

Figure 4. Scatter (a) and Bland–Altman (b) plots of compara-
tive HR measurements inclusive of subjects with active
arrhythmias (confirmatory secondary endpoint).
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population was representative of the general North
American/European population with different skin col-
ours, medical conditions, body habitus and age
groups. By comparison, the estimated prevalence of
COPD in the US varies considerably by state from
<4% to >9%[17]. In addition, 15% of measured sub-
jects had an active arrhythmia during the measure-
ment, and 3% had Afib. By comparison, the
prevalence of Afib in the general US population is esti-
mated at <2%.[18–21]

The study met both of its primary and secondary
endpoints, essentially demonstrating the ability of the
non-contact optical system (Gili) to detect HR and RR
accurately (i.e., >99%) during a spot-measurement
when compared to the gold-standard contact-based
devices (ECG and COSC). This was true in the entire
population as well as in patients with arrhythmias or
respiratory conditions.

As previously mentioned, contact-free devices are
roughly divided into three categories: camera-based
systems, laser-based systems and RF-based systems,
with the latter being regulated/cleared mainly for RR
measurements. The main difference between the tech-
nology underlying the investigational device and
those described above is related to the fact that the
latter’s precision is limited by either the relatively long
wavelengths used (as in RF or THz based sensors)
[9,10], or the imaging resolution which is significantly
affected by (a) the optics (bigger optics better reso-
lution), (b) camera characteristics (number, size and
sensitivity of pixels), (c) the distance from the object,
(d) ambient conditions (e.g., lighting, noise, etc.) and
(e) measurement modality [6,12]. Contrastingly, the
measurement principle enabled by the investigational
device’s underlying technology is based on analysis of
the backscattered self-interference optical signals
which allow more precise localisation of the inspected
signal via advanced image processing algorithms [6].
This precision is facilitated by: (a) the use of relatively
short wavelengths (in which the precision is �0.01 of
the optical wavelength), (b) independence of colour of
the inspected surface/tissue and ambient (lighting)
conditions (as opposed to other technologies analy-
sing relative absorption of light, for example, remote
photoplethysmography), and (c) high sensitivity to
motion capture enabled by the analysis of self-interfer-
ence patterns (as opposed to, e.g., structured light ple-
thysmography). The utilisation of the self-interference
effect also simplifies the hardware requirements of the
sensor (both physical and optical), thereby enabling
the reduction of the overall price-tag of the sensor.

In medical settings, drug-resistant bacteria is a ser-
ious problem resulting in increased morbidity, mortal-
ity and costs. [22,23] They require contact precautions
with gloves and gowns. There have been different
ways to combat this problem with conflicting results.
[24,25] In recent months, amid the COVID-19 pan-
demic, contact-free medical monitoring has
transformed from a nice-to-have technology to a
must-have technology, especially outside the clinical
setting. The most prominent example includes the
abundance of infra-red thermometers being used as
potential screeners for symptomatic patients for pur-
poses of “smart access-control”. Additional devices,
like the one proposed in this paper, may serve to pro-
vide a more holistic complementary solution for such
use-cases. Such a solution may be especially relevant
in highly crowded venues/transportation facilities, for
example, airports, train stations, stadiums, etc.

The present technology was found to be as accur-
ate as contact-based technologies for spot-measure-
ment of HR and RR. However, there are important
limitations that need to be considered: (1) The Gili
device, in its current design, is not intended for con-
tinuous long-term patient monitoring/telemetry, which
limits its use for spot-measurement purposes only. (2)
Although the underlying technology of the device
technically allows it to be used in different ambient
and physiological conditions, the different usability
related restrictions (i.e., use of improper clothing and
the need to sit still during the measurement) render
the device more appropriate for use in a supervised
setting, or telemedicine/remote-patient monitoring so
long as the user is guided as to the device’s restriction
via proper labelling.

In conclusion, the contact-free optical system, Gili
Pro BioSensor, has been demonstrated to be equiva-
lent to the gold standard ECG and COSC in the meas-
urement of heart and respiratory rates. Such a
capability may increase adherence of patients to being
monitored due to its minimally-intrusive contact-free
mode of operation.
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