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Abstract
The development of a matrix pulse wave (PW) analyzer became 
a reality thanks to the implementation of a 3-point PW sensor 
in 2017, when the test results of the mock-up sample were pub-
lished.
Later, a mobile medical device, which was given provisional 
name the Pranayama Gadget, was designed and developed by 
our research team. It is the first mobile medical device capable 
of tracing undistorted PW of the radial artery. 
Our article presents some algorithms for processing the PW 
signal, based on the authors  long-term research in the field of 
measurement and analysis of the PW signals. In particular, a big 
role in the development of this discipline is played by the new 
spline base of PW reference patterns that forms the basis for 
the digital pulse diagnostics.
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The diagnostic value of the pulse wave (PW) sig-
nal has been proven by the thousand-year practice of 
oriental medicine. Ancient Tibetan doctors developed 
a unique tactile pulse diagnostics, which flourished at 
the level of art and intuition in the countries of the 

East and which was supported in the Middle Ages by 
such scientists as Avicenna and some other. With the 
development of the concept of blood flow in the XVII 
century and creation of modern medical instrumenta-
tion, the pulse diagnostics was unfairly pushed aside 
and partially forgotten, and, considering all the poten-
tial of this discipline, modern doctors can only count 
the pulse rate on the radial artery and obtain some 
poor comments from there [1]. 

Only in the XIX century it has become possible 
to visualize pulse waves, and then receive them us-
ing various sensors so that has opened a new research 
field: sphygmography.

The introduction of computers equipment and 
digital signal processing technologies brought 
sphygmography to a new level of its development. A 
special role in this case is played by PC-aided mech-
anopulsography, which is capable of obtaining and 
analyzing undistorted high-resolution PW using ex-
ternal sensors. 

To date, only the Australian Company Sphygmo-
cor and HelStats from Singapore use their high-qual-
ity sensors for this purpose. However, only a fi-
ber-optic matrix sensor developed by IMASH RAS, 
the Russian national high-tech product available 
on the domestic market, is capable to overcome the 
problem of positioning the sensor on the radial ar-
tery [2,3,4,5].

The possibility to study pulse waves has prompted 
interest in improving diagnostics, which is now based 
on the application of the matrix sensors and digital 
signal processing techniques.

Many years of experience of the authors hereof in 
their research and development confirm that the typ-
ical changes in the contour of pulse waves can be re-
duced to a number of some reference patterns which 
very roughly reflect age changes in the range from 
20 to 60 years, with an accuracy of 10 years [6,7].

We have arrived at an idea, that using six devel-
oped reference patterns we can obtain a more accu-
rate base of the age-related reference patterns with 
accuracy up to one year by applying spline approxi-
mations. This research work has been completed by 
us, and, as a result, the next step in the development 
of digital pulse diagnostics has been made and an 
updated age-related pulse diagnosis has been offered 
(see Figure 1 herein).
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Considering the developments of the previous pe-
riod it follows that typical changes in the pulse wave 
contour occur not only due to age-related loss of elas-
ticity and due to sclerosis of the vascular wall, but also 
when the functional state of the body changes: phys-
ical activity, food consumption, sleep, rest, fatigue 
etc. Basically, these effects are associated with specific 
changes in the peripheral vascular resistance and re-
flect various functional loading cases. Taking into ac-
count these changes, a diagnostic map of age-linked 
functional diagnostics has been created as shown in 
Figure 2 herein.

Thus, as a result of the application of spline approx-
imations, a diagnostic table has been produced by us, 
where instead of 9 typical cells with pulse wave ref-
erence patterns an updated database for 421 cells has 
been prepared. Accordingly, the capabilities of this da-
tabase in the context of clarifying the diagnosis and 
reducing the time expenditures required for its formu-
lation are much greater.

The procedure for using our updated diagnostic 
map should contain certain stages, namely: 

a) Recognition of pulse waves according to the age 
should be carried out in a patient in his/her fully re-
laxed state;

b) After identifying the age, functional tests are 
carried out (for example, holding the breath, fitness or 
15-30 squats), and the actual wave pattern should be 
referred to the functional scale, i.e. horizontally.

This article does not address the issues on specific 
diagnostics of the state of all body systems, since this is 
the subject of further development of diagnostics tak-
ing into account heart rate variability.

In conclusion, it should be noted that the described 
diagnostic methods have been translated into the 
above mentioned mobile medical device (developed 
by IMASH RAS) as exhibited in Figure 3 herein.

It is a kind of “smart watch” furnished with an orig-
inal function of a human pulse wave analyzer. This 
function has been realized thanks to the implemen-

Figure 1. Age-related spline database of radial artery pulse wave reference patterns from 20 to 60 years (age discreteness is 1 year).
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Figure 2. Diagnostics map of the pulse wave analyzer (age-related functional diagnostics).
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tation of a matrix fiber-optic sensor. The device is ca-
pable of determining blood pressure with the proper 
medical accuracy without squeezing the blood vessels 
with a cuff. In addition, it has the capability of the 
age-related diagnostics of the cardiovascular system 
with an accuracy step up to 1 year, and it can also di-
agnose all body systems using the heart rate variability 
analysis. After the diagnosis is made, the gadget de-
termines a code corresponding to the detected dis-
ease and offers options of the targeted delivery of an 
increased amount of blood to the affected organ iden-
tified. Treatment is carried out by organizing a certain 
respiratory rate, which, in its turn, generates certain 
heart rate modulations. As a result, the affected organ 
receives an additional amount of blood and recovers.
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Figure 3. The Pranayama Gadget


