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Intro
Arterial hypertension (AH) is the most common chronic disease, as well as the single most
important risk factor for reducing the life expectancy and reducing its quality. According to
international studies, the prevalence of hypertension is 30-45% among the adult population.
According to experts, by 2025, the number of people with hypertension in the world will
increase by 15-20%, reaching 1.5 billion people, which is one-fifth of the Earth's total
population. The danger of hypertension lies in the development of conditions such as stroke
or myocardial infarction, which occur suddenly and are life-threatening conditions. At the
same time, it should be noted that hypertension is a controllable and preventable problem
since the occurrence of these complications can be predicted and prevented, provided that
the target blood pressure (BP) indicators are achieved and controlled. This becomes
possible due to continuous/long-term measurement of blood pressure and timely
administration of medications in accordance with its results. In view of this, the inability to
cope with the increase in the incidence of hypertension is partly due to imperfect tools for
continuous monitoring of blood pressure.
Mawi is a medical data-driven company that designs and manufactures medical solutions for
biosignal collection, analysis, and remote patient monitoring. Our goal is to revolutionize the
way we diagnose, react, and prevent the three largest causes of death in the world, heart
failures, heart attacks, and strokes. We have significant expertise in developing
clinical-grade data-driven AI solutions that can enable precision cardiology and improve
patient outcomes. We have applied deep learning to >2M hours of patients' ECGs to train
MAWI algorithms and have developed a portable ECG recording wristband - Mawi Band.
Also, we have participated in numerous joint research projects.

Mawi Band v1.0
One of our goals right now is to expand the portfolio of biosignals we track and conditions we
can detect, predict, and help prevent. To do it, we are developing the next version of our
device - Mawi Band 2.0, the main focus of which will be in adding continuous AFib
monitoring, BP calculation, and SpO2 measurement to our functionality.

Classic BP measurement methods
When the left ventricle ejects blood into the aorta, the aortic pressure rises. The maximal aortic
pressure following ejection is termed the systolic pressure (Psystolic). As the left ventricle is
relaxing and refilling, the pressure in the aorta falls. The lowest pressure in the aorta, which
occurs just before the ventricle ejects blood into the aorta, is termed the diastolic pressure
(Pdiastolic). When blood pressure is measured using a sphygmomanometer, the upper value is the
systolic pressure, and the lower value is the diastolic pressure. Normal systolic pressure is <120
mmHg, and normal diastolic pressure is <80 mmHg. The difference between the systolic and
diastolic pressures is the aortic 
pulse pressure, which typically ranges between 40 and 50
mmHg. The mean aortic pressure(Pmean) is the average pressure (geometric mean) during the
aortic pulse cycle.

The most common in clinical practice is the measurement of blood pressure in the
brachial artery. The occlusive cuff covers the corresponding area of the patient's right or left
arm. An increase in air pressure in the cuff (compression) leads to a change in arterial blood
flow under the cuff and the distal part of the limb. If the cuff's air pressure exceeds the value
of the diastolic blood pressure, the arterial blood flow in the arm distal to the cuff changes its
parameters. Evaluation of these changes and comparing them with the air pressure in the
cuff makes it possible to determine the blood pressure parameters from the results of
measuring the air pressure in the cuff.
The difference between the occlusal methods for determining blood pressure used in
practice lies in the methods of assessing the correspondence between the measured values
of air pressure in the cuff and the parameters of pressure in the artery under different modes
of air compression (decompression).

Another popular way to measure blood pressure is the auscultatory method for
measuring BPor N. C. Korotkov method. It is based on the analysis of characteristic
sounds, the so-called tones of N. S. Korotkov (hereinafter, tones). In the simplest case,
these tones are recorded with a phonendoscope, in the distal segment of the artery, directly
at the lower edge of the occlusive cuff at a certain value of air pressure in the cuff.

Auscultatory method for measuring BP or N. C. Korotkov method
According to the method of N. S. Korotkov, initially, when measuring blood pressure, the
pressure in the cuff covering the vessel is increased until the blood flow (arterial pulse) in the
distal part of the arm stops completely. Then they turn on a smooth decompression
(bleeding air from the cuff). At the moment the artery opens to the bloodstream, the first
tones begin to be heard. At this moment, the blood pressure at the apex of the arterial
pulsation becomes slightly higher than the air pressure in the cuff, and the artery "opens" for
a short time, generating sound vibrations. The pressure in the cuff corresponding to the first
tones' appearance is adopted in the method of N.S. Korotkov for the value of systolic blood
pressure. The origin of the recorded tones can be explained by the turbulent movement of
blood through the compressed vessel and the unstable behavior of the walls after the
"opening" of the compressed artery, leading to sound vibrations of the characteristic spectral
composition.
With further gradual decompression (about 3 mm Hg for one pulse of the pulse), the sound
tones' nature changes, they become duller (their frequency spectrum shifts towards lower
frequencies), and then they disappear. It is believed that the moment of muffling or
disappearance of tones corresponds to the equality of the air pressure in the cuff to the
minimum dynamic blood pressure, that is, to the diastolic value of blood pressure. The
criterion for muffling tones for reading the diastolic value of blood pressure is recognized by
most authors.

In some cases, with the vascular wall's pathology, the disappearance of tones occurs at very
low values of pressure in the cuff. In the case of cardiogenic shock or the use of drugs with a
vasopressor effect, there is a delay in the appearance of tones, which leads to an
underestimation of blood pressure according to the results of auscultatory measurements.
On the contrary, low elasticity of the vascular tissues located under the cuff, for example, in
septic shock, can lead to an overestimation of blood pressure results.
Invasive blood pressure monitoringis considered to be the most accurate BP
measurement method and the least convenient one. Invasive (intra-arterial) blood pressure
(IBP) monitoring is a commonly used technique in the Intensive Care Unit (ICU) and is also
often used in the operating theatre. The technique involves the insertion of a catheter into a
suitable artery and then displaying the measured pressure wave on a monitor. The most
common reason for using intra-arterial blood pressure monitoring is to gain a ‘beat-to-beat’
record of a patient’s blood pressure.

Main advantage of this method is accuracy, especially for patients with very low BP. But
numerous disadvantages make it not applicable for most use-cases:
● The insertion of an intra-arterial blood pressure monitoring system can be difficult
and time consuming, especially in shocked patients. This can potentially distract from
other problems that need more urgent attention.
● The monitoring equipment, spare parts and cannulae are expensive when compared
to noninvasive methods of blood pressure monitoring.
● The arterial monitor requires an electrical supply which will limit its usefulness in
some settings.

Cuffless BP measurement
For outpatient care and general health monitoring, there is great interest in accurately and
frequently measuring BP outside of a clinical setting, using mobile or wearable devices. One
possible solution is photoplethysmography (PPG), which is most commonly used in pulse
oximetry in clinical settings for measuring oxygen saturation. PPG technology is becoming
more readily available, inexpensive, convenient, and easily integrated into portable devices.
First explored in the 1930s, PPG is a method for measuring the amount of light that is
absorbed or reflected by blood vessels in living tissue. Since the amount of optical
absorption or reflection depends on the amount of blood present in the optical path, the PPG
signal is responsive to changes in the volume of the blood, rather than the blood vessels'
pressure. In other words, PPG detects the change of blood volume by the photoelectric
technique, whether transmissive or reflective, to record the volume of blood in the sensor
coverage area to form a PPG signal. Indeed, the sensor coverage area includes both veins
and arteries and numerous capillaries. Thus, the PPG signal is a complex mixture of the
blood flow in veins and arteries of the cardiovascular circulatory system. A raw PPG signal
generally includes pulsatile and non-pulsatile blood volume.

Principle of photoplethysmography (PPG): (a) reflective mode; (b) transmitting mode; (c)
example of PPG signal.
The pulsatile component of a PPG signal is related to changes in blood volume inside the
arteries and is synchronous with the heartbeat, whereas the non-pulsating component is a
function of the basic blood volume, respiration, the sympathetic nervous system, and

thermoregulation. In clinical practice, PPG is routinely used to monitor cardiac-induced blood
volume changes in microvascular beds at peripheral body sites, such as the finger,
forehead, earlobe, and toe." Since the maximum pulsatile component of reflected light
occurs approximately in the range between 510 and 590nm, the green (565nm) or yellow
(590nm) light is generally used for reflective PPG sensors. However, the red (680nm) or
near-infrared (810nm) light is generally used for transmissive PPG devices, with the infrared
light having the deepest penetration. Given that the optical absorption of hemoglobin is a
function of oxygenation and optical wavelength, PPG use at multiple wavelengths is also
routinely used in pulse oximetry.
Green, red, and infrared light are often used to obtain PPG signals because of the difference
in the wavelength between them, which causes each light to penetrate human tissue
differently. Infrared light has the deepest penetration ability, and it can reflect the blood pulse
from deep tissue. Therefore, it is used more. Red and infrared light can penetrate about
2.5mm, while green light can penetrate less than 1 mm into the tissue. Hence, the detection
of blood pressure, atherosclerosis, blood sugar, and other physiological parameters uses the
infrared light (deeper light penetration compared with the green light) to obtain PPG signals.
PPG technology thus represents a convenient and low-cost technology that can be applied
to various aspects of cardiovascular monitoring, including:
● the detection of blood oxygen saturation,
● heart rate,
● blood pressure,
● cardiac output,
● respiration,
● arterial aging,
● endothelial function,
● microvascular blood flow,
● autonomic function.

Calibrations during cuffless PPG-based BP measurement
The interconnection between PPG and BP is generally the same for all the people. But there
are still some differences between the cardiovascular systems of different people. These
differences make it essential to fit the BP measurement system for each person. The
process of this fitting is called calibration.
Calibration for cuffless PPG-based BP measurement is the measurement of BP by reference
approach (cuff device) to define a base level of BP for a particular person. The root cause of
calibration is as follows: each person is a unique organism with different initial cardiovascular
conditions at birth and with different external influences through life - by the environment,
food, etc. There are no two people on this planet with an identical cardiovascular pattern.
During calibration, a person measures BP using the reference device and measures
vascular data using the cuffless method. Then the reference data is being "fed" to the
cuffless method so that it could fit the working flow of a particular person. Often more than
one calibration is needed.
Also, the cardiovascular system has a much more complex working flow than the heart. For
example, we can simulate the heart like some electrical signal, but we need to solve the
spatial task by simulation of the next flow for simulation of Blood Pressure:
1. heart pumping
2. blood injection
3. cardiovascular elastic vessel parameters; peripheral vessel dissipative parameters;
personal matching
4. calculation of the response of the cardiovascular system to the blood injection
There is currently only one company with an approved FDA for cuffless BP, and they
used the calibration process to achieve it.
Calibration is a critical step in which BP reference measurements are taken to
calibrate the algorithm with the associated PPG signals. One of the following options is
recommended to provide the BP reference values:
● A trained medical professional uses a medical-grade BP device available at the
doctor's office or hospital;
● Self-measurement using an FDA-cleared, cuff-based BP measurement device.
Before calibration, the subject should:
● Use the bathroom, if needed;
● Refrain from exercising within the previous 30 minutes;
● Refrain from consuming alcohol, caffeine, or nicotine within the previous 30 minutes;
During calibration, the subject should rest quietly for about five minutes in a seated position
where the subject's elbow rests on the table, slightly below the heart level. The palm should
be turned upward, with the hand remaining open and relaxed. The arms, back, and feet
should be supported and in a relaxed position. The legs should remain uncrossed.

Influence of antihypertensive drugs on cuffless PPG-based BP
measurement
Antihypertensives are a class of drugs that are used to treat hypertension (high blood
pressure). Antihypertensive therapy seeks to prevent high blood pressure complications, such as
stroke and myocardial infarction. Evidence suggests that reduction of blood pressure by 5 mmHg
can decrease stroke risk by 34%, of ischaemic heart disease by 21%, and reduce the likelihood
of dementia, heart failure, and mortality from cardiovascular disease. There are many classes of
antihypertensives, which lower blood pressure by different means. Among the most important
and most widely used medications are thiazide diuretics, calcium channel blockers, ACE
inhibitors, angiotensin II receptor antagonists (ARBs), and beta-blockers.
Which type of medication to use initially for hypertension has been the subject of several large
studies and national guidelines. The fundamental goal of treatment should be the prevention of
the important endpoints of hypertension, such as heart attack, stroke, and heart failure. Patient
age, associated clinical conditions, and end-organ damage also play a part in determining the
dosage and type of medication administered. The several classes of antihypertensives differ in
side effect profiles, ability to prevent endpoints, and cost. The choice of more expensive agents,
where cheaper ones would be equally effective, may have negative impacts on national
healthcare budgets. As of 2018, the best available evidence favors low-dose thiazide diuretics
as the first-line treatment of choice for high blood pressure when drugs are necessary.
Although clinical evidence shows calcium channel blockers and thiazide-type diuretics are
preferred first-line treatments for most people (from both efficacy and cost points of view), an
ACE inhibitor is recommended by NICE in the UK for those under 55 years old.
Using anti-hypertension drugs make BP calculation by PPG a very difficult task. Each subject
has a unique reaction to the cardiovascular system after using antihypertensive drugs.
Unfortunately, a generalization of this reaction is impossible by now. Even the pattern of
changing the pulse arrival time and PPG morphology is different from subject to subject. Too
often, the PPG waveform morphology hasn’t almost any differences during BP changing if the
subject uses the antihypertensive drug or even a combination of several drugs.

Example of records of a single person that are hard to distinguish between, Systolic BP
range: 118 ... 169 mmHg

Mawi approach to cuffless BP estimation
Currently Mawi is developing solutions for BP estimation that will work on the next
generation of Mawi Band Device - Mawi Band 2.0. Algorithm prototypes are currently being
tested on prototypes of Mawi Band 2.0. Two types of algorithms based on two approaches
for cuffless BP estimation are being developed.
The main idea of our approach to BP estimation is to "hack" the working pattern of the
cardiovascular system for the current subject by using experimental data (calibrations) and
statistical data (PPG, ECG records), activity analysis (accelerometer data). Unlike other
companies, in our approach, ML tools are just elements of workflow, not its background.
Major element of workflow this is combination of AI DSP and cardiovascular simulation
system.

Main scheme of BP measurement flow

Signal morphology approach
There is a strong waveform correlation between the continuous BP signal and the PPG
signal. This correlation is furthermore increased by the use of an appropriate DSP flow. PPG
signal waveform analysis of BP measurement is based on this correlation.

Signals before filtration

Signals after filtration

So the waveforms of PPG and BP signals are similar, and you could expect that the
changing of waveform increase or increase in BP also should be similar to the change in
PPG signal. But in the real world, everything is more complex. For example, the value of BP
in capillaries is much lower than in arteries add there are obstacles for devices to obtain
perfect PPG (light distortion, finger temperature, motion distortion).

BP change in different blood vessels
The concept for morphology-based BP analysis is following:
- analysis every PPG waveform
- selection of PPG features from the waveform.

PPG features that we are using

Main idea of these features is that all of them are physiologically based on change of blood
vessel physical condition.
Several different types of PPG waveforms have been observed and found to correlate with
age and cardiovascular pathology. Since the volume and distension of the arteries can be
related to the pressure in the arteries, the PPG signal produces pulse waveforms that are
very similar to pressure waveforms generated by tonometry. However, PPG offers the added
advantage that it can be measured continuously using miniature, inexpensive, and wearable
optical electronics.Pulse waveform can be affected by numerous physiological parameters
and conditions. As a result, the PPG signal of each person corresponds to one of four
waveform classes - Class I to IV. This division makes it much more difficult to calculate BP
using PPG because features act differently for each class. And so an algorithm trained on
one class is inapplicable for other classes.

While 4 ppg classes can be clearly distinguished for finger PPG, it is much harder to do it
using wrist signal because it gets flattened. In this situation, we have a reliable assistant: AI
DSP flow. Our DSP flow analyses signal from the user and come up with filter params for the
current signal. Also, we have problems with the PPG waveform for the wrist area - waveform
has low variability of feature versus finger PPG waveform.

We are working on solving this problem, but it would take a lot of time and data to do it. So in
the meantime we decided to deliver a solution that uses ECG and PPG signals to measure
BP (PAT approach, described further in this document. Prototype of this solution is already
implemented for our PPG wristband prototype devices and will bill be further improved
before launch with our next production device.

Pulse Arrival TIme approach
ECG signal represents electrical activity of the heart and so ECG R-peak is being
recorded at the moment when heart has contracted. PPG systolic peaks are being “delayed”
when compared to R-peaks due to vascular blood flow. In a nutshell, analysis of this “delay”
together with other parameters allows BP calculation. Pulse Arrival Time - PAT) defined as
the time delay from the R-peak of the electrocardiogram (ECG) to a peak of the finger
photoplethysmogram (PPG).

Electromechanical coupling in the heart causes blood to eject into the whole arterial
tree. This physiological process affects the velocity of blood flow and generates systemic
pressure waves from the central to the peripheral artery. The velocity of this pressure pulse
is determined by the elastic and geometric properties of the arterial wall and the blood
density. The central arteries push blood to narrow distal arteries under the pressure of
circulating blood on the walls of blood vessels, causing the phenomenon that the heart
expands during systole and contracts during diastole. Here, the circulatory pressure is BP.
Arterial BP, as a hemody- namic parameter, fluctuates on a beat-to-beat basis due to the
dynamic interplay from vasomotion, neural regulation, and arterial mechanisms .
Physiologically, it is affected by four factors: arterial compliance, cardiac output, pe- ripheral
resistance, and blood volume
Therefore we have actually relation that looks like:
BP = f(cardiovascular parameters) & PAT = f(cardiovascular parameters).
For healthy subject, without a history of cardiovascular or neurological disorders we
can use a BP estimation model that based on the fact that between PAT and compliance of
vessels we have a strong relation (figure below).
In recent years, models used for estimating BP based on PAT and capturing BP
variations indirectly mainly fell into two categories: vascular elasticity (VE) models and
elastic tube (ET) model. ET models were built on the theory of elastic tubes. It was noted
that the blood flow in the arteries could be modeled as the propagation of pressure waves
inside elastic tubes. At this moment we using VE model, because it’s results for our cases is
more stable

Finally, after large application research we have got the relation BP = f(PAT).
Workflow for BP estimation model based on the PAT on the figure below

But as mentioned before BP = f(PAT) is stable, only in some range (healthy subject,
doesn’t use anti hypertensive drugs, without neurological condition, etc). So, in the real world
for different subjects and situations we have some constraints for using BP=f(PAT) relation.
The PAT algorithm's role in our BP prediction flow is it is a standalone part of the
fusion approach. Because PAT isn't a stable marker of BP prediction, results for correlation
between PAT and changing of Systolic BP are following:

In general, the correlation between BP and PAT becomes more negative with
increasing ΔBP. Also, the variance in the correlation between values becomes smaller. But
these findings were found on data that was obtained during surgeries.
Changes of Systolic BP of up to 20...40 mmHg for hypertensive subjects are
dangerous, and for this case, fluctuation of SBP = f(PAT) is too large, and the coefficient of
correlation is in average less than -0.4.
Significant fluctuation is a sign that PAT works for one subject and doesn't work for
others. As we can see, for some people, correlation is greater than abs(0.7), while for others,
it's close to zero. Therefore PAT is an important part of the BP prediction pipeline. Moreover,
PAT is currently much more stable than morphology features from the PPG waveform, so we
are using it in our prototype.
On the figure below we can see a relation between changing Systolic & Diastolic BP
and PAT - for cases when subject hasn’t other factors influencing on his cardiovascular
system.

Physiological basement for using of PAT this is links between vessel’s compliance
and PAT

Algorithm validation process
Evaluation of the algorithm is one of the most important steps of preparing it to practical use.
Usually we are designing the evaluation protocols by ourselves, but, luckily for us, in this
case there is no such need. For cuffless BP algorithm validation we are using IEEE
1708a-2019 protocol - IEEE Standard for Wearable, Cuffless Blood Pressure Measuring
Devices.

Validation Algorithm and Static test subject position
In this standard it is described how to test the performance of a cuffless BP measurement
solution. Main advantages of it are the guidelines for adequate subject selection and
high-level testing design that requires 3 types of tests to be performed:
● Static tests with no special influence - in numerous papers these tests are the only
ones being performed.
● Test with BP change from the calibration point. In this case, specific influence (for
example, physical activity) is used to change BP of a person and to understand how
well the algorithm can adapt to such a change. This test is not very common in
papers.
● Test after a certain period of time from calibration. This test allows us to see how well
the algorithm works after a predefined period of time. Usually the performance
decreases over time. It’s another test that is not very common in papers.
Test types described above will allow us to better understand how our algorithm works in
corner cases but at the same time will decrease metrics when compared to less complicated
testing.

Another important design element is the enrollment of subjects. We decided to use the
methodology of IEEE 1708a-2019 and increase the amount of subjects to 200. We have left
the distribution of subjects according to gender, hypertension groups.

Number of subjects: 200 (20 subjects for Phase 1; 180 subjects for Phase 2)
Blood pressure ranges:
Blood pressure
classification

Systolic
blood
pressure
(mmHg)

Diastolic blood
pressure
(mmHg)

Subjects in
Phase 1

Subjects in
Phase 2

Normal

<120

and

<80

5

≥40

Prehypertension

120-139

or

80-89

5

≥40

Stage 1
hypertension

140-160

or

90-100

5

≥40

Stage 2
hypertension

≥160

or

≥100

5

≥40

Gender: At least 95 males and 95 females
Age: All subjects should be aged between 21 and 50 years old and in sinus rhythm.

BP change test also has additional requirements - the BP change results should be
distributed according to a specific rule.

Deviation of blood pressure from the point of
calibration (mmHg)*

Systolic blood pressure

-30 - -15

-15 – 0

0 – 15

15 – 30

Diastolic blood pressure

-20 - -10

-10 - 0

0 - 10

10 – 20

Required percentage of samples

13.6%

34.1%

34.1%

13.6%

(at least)

Expected performance of algorithm prototypes
In IEEE 1708a-2019 protocol it’s defined that MAD (mmHg) is the most important
performance metric for cuffless BP measurements. So we are using it in our testing as well.
In the table below our performance expectations for the first version of our system are
presented. ECG+PPG column represents performance of Pulse Arrival time method, PPG
(theoretical) - morphology analysis method. We are not ready to run it on our device yet, so the
“Current” row contains performance that we are aiming to achieve when we implement the first
version of it. “Desired” is the performance we aim to achieve when the device would be ready, after it
we will continue our work to decrease the errors. We believe that the possibility of collecting large
amounts of data would allow us to improve the quality of BP calculation.

Mawi BP measurement performance - August 2020
Calibration sessions number
BP accuracy,
mmHg
(Syst/Diast)

1 calibration
ECG+PPG

3 calibrations

every day

PPG
PPG
PPG
ECG+PPG
ECG+PPG
(theoretical)
(theoretical)
(theoretical)

Subject 
doesn’t
use
antihypertensive
drugs

Current

15/10

17/12

12/8

15/12

12/8

13/11

Desired

10/6

12/10

9/7

10/8

8/5

9/7

Subject 
uses
antihypertensive
drugs

Current

21/14

26/16

18/12

21/12

12/8

16/12

Desired

12/9

15/11

10/8

13/11

8/5

9/7

Results for different players on BP by PPG market

Mawi BP Performance update - November 2020
During August-November 2020, we have performed additional testing of our PAT-based
algorithm according to IEEE 1708a-2019. Also, we have slightly improved our approach
according to the results of this testing.
We have performed data collection for the testing on 2 locations:
● The first location is a set of construction sites. Data here doesn’t totally correspond to
the IEEE 1708a-2019. All employees were measured during their work with a resting
period of around 5 minutes before measurements. The goal of this experiment is to
emulate the “worst-case scenario” of the use of devices.
● The second location is a wellness facility, where we collected data of employees.
Conditions here were much better than on the first location; they correspond with the
IEEE 1708a-2019.
The experiment design was the following:
● 3measurement sessionswere made for each subject on 3 separate days
● For some of the subjects, the interval between these 3 measurement sessions was
more than 7-10 days.
● During each session, 7 measurements were performed, 4 measurements without
influence on BP, and 3 measurementswith BP change- either increase or
decrease of it.
● Only onerecordamong the ones without BP influence was used for calibrationof
the algorithm.
● Testing was performed among all other 20 records.
● MAE for each subject was calculated as the main performance metric, separately for
SBP and DBP.
● Subjects were grouped according to their MAE values into 4 groups - 0..5, 5..10,
10..15 and 15+. The distribution of people among these groups is shown below.
To summarize, themetrics below includeboth the effect of the calibration among long
periods of timeand change of BP(increase and decrease).
We do not present the error distribution for the measurements done immediately after the
calibration because we do not find this metric a good measure of real algorithm
performance. In our experiments, these errors are in the range 0..2 mmHg depending on the
subject.

Mawi BP Performance update - November 2020
Location 1 - “worst-case scenario”

Location 2 - controlled experiment

SBP, % of people
with error lower
than threshold

DBP, % of people
with error lower
than threshold

SBP, % of people
with error lower
than threshold

DBP, % of people
with error lower
than threshold

<5

76.79

97.02

94.12

100

< 10

91.67

100

100

100

< 15

94.64

100

100

100

Error threshold,
mmHg

So we see that the current version of our algorithm in the controlled experiment greatly
surpasses our performance targets. At the same time, the "worst-case scenario"
performance is worse than the controlled experiment but still surpasses our performance
targets.
Our future plans include the actions targeted at increasing practical performance, and we are
confident that we will be able to achieve this:
● We are preparing a new version of our device prototype with an improved PPG
sensor that will allow the collection of data of even higher quality and thus increase
the algorithm's performance (for all measurement cases).
● Planned algorithm improvements from our current development roadmap will allow
us to increase the performance by 10%-20% (for all measurement cases).
● Currently, the measurements of people from our usability testing focus groups show
a high understanding of this process. But we are going to make a significant effort to
improve our user manual and onboardings even further.
● We will implement the analysis of accelerometer data from the Mawi BP watch to
avoid physical activity before the measurement.
As a result, we expect to achieve real-world performance and IEEE 1708a-2019
performance that is higher than the numbers obtained for Location 2.

Mawi 2.0 concept
Mawi Band 1.0 was created to allow people to record their ECG using automated AFib
detection from the comfort of their homes. In Mawi 2.0 we are going to expand the number of
cases in which we can help our user. Also thanks to customer feedback for Mawi Band 1.0
we have greatly improved our understanding what our customers need. To utilize this big
Mawi 2.0 is created with a big emphasis on user experience.

Mawi Band 2.0
Main functions of Mawi 2.0 compared to Mawi 1.0 are the following:
● Improved biosignal measurement capabilities
○ Dry skin ECG - same as in latest version of Mawi 1
○ Accelerometer/Gyroscope - same as in latest version of Mawi 1
○ PPG sensor with 3 ppg channels:
■ Green
■ Red
■ Infrared
● New biosignal measurement functionality
○ Blood Pressure
■ Guaranteed at launch - PAT-based ECG+PPG BP measurement on
demand
■ At launch or added later (depending on business case) - automatic
PPG morphology based BP measurement
○ PPG-based index measurement (run automatically, without explicit command
from user)
■ AFib detection
■ Heart Rate measurement
■ SpO2 measurement
■ HRV measurement
■ Sleep Quality and Sleep Stages analysis
■ Activity tracking
● ECG-based AFib detection and HR/HRV measurement, run after any abnormalities
were detected on PPG or explicitly launched by user
● IP67 or IP68 protection
● Improved battery life
● Algorithms that are being run on the edge device
● Improved interaction with user without smartphone
● Improved screen

●
●

Time, smart alarm and custom notifications
Functionality that may be added
○ 4G for data transfer
○ Wireless charging
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