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Abstract: The report presents the latest results of develppinnew method of
noninvasive continuous blood pressure monitorinfgis Tmethod is based on the
principle of pulse wave compensation. It is showrattsensors for such a
measurement should be not only smart, but alseeadt this connection, a part of
introduction is devoted to the issues of expandmegconcept of smart sensors to the
concept of active sensors. A significant part & tleport describes the technical
designed of the active sensor for noninvasive pressieasurement. The results of its
calibration and testing are under discussion. Thmmection of the report is devoted
to the development of software for active sensatrob— its intellectual stuffing. We
describe and justify a new principle of managingivac measurement of quasi-
periodic processes — pulse wave compensation loespdtterns forecast.

Key words: bio-medical signals processing; smart sensorsyeasensors; active
measurements, compensation method; noninvasiveriaartdlood pressure
monitoring; point processes, wideband pulse pr@asssultiscale correlational

analysis, analytic spectra.

# %
, % %



ll%%

_N11, 2015

[1].

%

%

$ %

2] !

(P)

S| YMHbIA JlaTumK

uP &
MPUKIAIHBIE
MIPOrpaMMbl

\

[2].



. N11, 2015

( O %

%



3*

. N11, 2015

(*
%/(

%

) [5.6]

+

(1876 )

#

%

$

$
(.~

) [3.4]

/.0..



. N11, 2015

( )s
#
0 .3). "
$ B
;o
%
*
!
%
| , $
)s # !
~ %
%
1881 . #
.
: $ !
XX %
1905 .
#

%
#
1
% :
vV |
M.
( )
[7]. ,
. &
( )
IX
% _
(« », «
&
! $
: -
" % +$ ,
1899 . $
) -) [8] 1896 .
) ) !
! :
#

»



. N11, 2015

.3 :
. & (
1905 .
* : $
! / $
| « $
» ! *
3
XX $ $
) ) [9].
$
%
| — % |
! 1976 . #
* (Dinamap825), #
% : : %
! : $ $
, ! : - (
$ *
80%
$
!
$ “ " ( “fuzzi logic”)
! ( .) .1).



. N11, 2015

* .4 # —
& # #
o, * (beat-to-
beat). ! # :
% . & :
%
| |
& $
1973 $
! #
[10].
1 )
( , < "
). & 0 .4x)
$ ! R
- - | , #
# 1 ,
« %
!
, ! 1 ,
1 : L # !
H |
| | %
% $



0

)

A “CNAP”,
CNSystem

4
“‘CNAP”

4.B).

. N11, 2015

B “T-Line”,
Tensys Medical

; B556
[9]

: A6
“T-Line”



%

(

) W, 0

%

5(7))- (

. N11, 2015

I

0

10

).

5(B,C)).

("#(

%

% (



. N11, 2015

dasrenue
Py 3

Heuzeecnuoe

Yaweunvie secol Mocmosan cxema
A UIMepeHus 0asneHus

| Mmembpana
anexmpods
=

Koumpoaupvemoe
daerenue
P

Manovemp

Hamepenue conponmusnerui
¢ nomougeio Mocma Yumenona

%

$ ,
(ATMEL, MICROCHIP, STMicroelectronics

11



. N11, 2015

) 5(). & $ ! " ,
[10]
$ *
) .6.
C
S U CTepHeHb-HHINKATOP e ——— Hf]p)B

Kpanpatueiii nponatop

SnacTuHHasm
sesmOpana

Jyuenan
aprepus

Nyuepan Jlokresan

) .6. * *
:AB- $ " - (A)
( ) ;C,D - !
(SV) - % !
<c % " (D)
& ! 0 .6(AB))

(.$ ,) 2.2
C (STM32L152RBT),

# / (UsB),
" SU % (pm)
(pc). # SC
M,
- ) PD CD. &
, pm  pc,

12



%

. N11, 2015

IR—
%
Su
%
% ) #
IRp,
sC.
. %
: $
/
(
#
SC)
SuU $
%
% ,
#
%
$
p

$

13

)

(SV),

0 .6(D)).

)
SU (

(=5 mmHg)

#

(
suU

sC
)

)

*7

M

.7(B)
P

6(C, D),

mmHg). -

SuU

pC.



. N11, 2015

PD ! $ - , , ,
% CD. ( % :
) # P Y,
C CD SC
# ( # , )
$ -
[11],  # ( )]
% %
(1)
- $ # : - # $ #
# ! : - "
"%% .- % ) .7(B) :
$ $ (10-170 mmHg)
# - - (1) ! SuU
|
* P mmHg ennnmie AT P mmHg ewu AL

190 1900
1100 ,\/

170 1700
1000 /

150

900 45

soo 110 / 1100
a0 [']

200
700

701 Joo

50

ol -
r B

a0 ° _j . . . . . . SN
) T # SuU ( *7 ) #
SU. A - $ (:
% ) # P (mmHg); B -
# $ P(~PID, .% 1));

14



130

130

110

0

. N11, 2015

(jitter) —

) 8()

P mmHg

b

naenenre BHyTpr SU (mmHg)

( .) 7¢))

eauHuLbl AL

1300
1200
1100

1000

narnenue Bue SU (mmHg) ¢ yyetom npokanus

MI0CKOE (MOTHOCTRIO KOMIL )

ﬁAA OA . AA AW .
VLA A

A RA

Apoaniee (YacTHYHO KOMIL. )

cocToaHne MemGpanbl (ALL) coctosanie membpanst (ALLIT) o
# SU ( *7 )
* - SC , #



. N11, 2015

% (~700 .*7895 556

M SUP (mmHgQ) #
& # *
# $
$ — #
I * —
( * )
#
( )] !
!
(1)
I
% ( 1 0 #or
1 '
&
1
[12],
( ) /

1 ,

! $ %

$
- 1)
#

16



. N11, 2015

& ! : ,
, "%%
# %% . 0
$
[12]. -, - :
(1), [11]
: !
! , $ (1).
! : #
$ p P SU ,
P 3 (1)
p P $
(2)
"%% AB,....E ! K, G
! (2) " "# $%&' "H—
, F- ( , j
, # $ ! S(f) S
$ p P:
OhY 5 : : (9 * Y8 -, '8 3)
- (3 : S(f) # P
% ! $ P
(transfer functionYo % .- [13],
#
% + 1o, %
'012*, &! , zo - -

17



Il%%

RR-

%

. N11, 2015

/2

1) !

18

P



filtering) [16].

% %

. N11, 2015

%

%

19

[15]. 3

%

$
(Radar signal processing).

"%% $

% (matched
%

%

# ;
# #
t, -
* %
#

#



. N11, 2015

125

100

TTHU/1 - nporuos

# %
$ # # t
T # - %
$ #
.9(B), !
S $ - -
# fo,
P mmHg A
150} }

438 BpeMs, CeK
T

125

100

=

o

B

KII - nporuo3s

e P
L

II%%

1
434 436

20



. N11, 2015

( : %
$ |
*
#
$ : ;
# ,
!
t
3
"%%
#
/12,
R- |
! $
/2 # RR-
, ! $
B
% #
) .10. (
(* BP signal) %
challenge/2014 [18], #
PhysioBank.
! /2
! R- : #

set-p/120.atr

21

* | %
: ( )T,
$ #
T.
#
$
(RR- )
[17]. 3
/2 1 H
!
%
P.
set-p/120.dat
$ _
%
/2
#
) .10¢)



. N11, 2015

# : #

RR- * # I
; $ 0.1
# %
# $ # $ ;
# RR- ( )
% * (* BP signal)
# (shift compensation) ) .10 (B).
- ) .10 (B) : # $
, # ,
$ 432-434
() .10¢() %
(interpolated RR compensation error), %
* ! , RR
(mean RR compensation error). ) .10 () : “ ”
# # RR- !
|
) .10 ! :
* I , 1
! #
!
# ~ 10 RR- (mean RR
compensation), — # -
! RR- (interpolated RR compensation)
$ : - - . & ;
% /2 : ;
! [19] : ! # $
& , | "

22



.10.

. N11, 2015

/2

%

3anuck: challenge/2014/set-p/120 (430-440 sec) RR uHTEpBabl

0.84
| Bpems, cek A
uteprnoanposattbie RR
0.83- ,-"% |
77 ,‘/ &
1 7% /N 1
0.82 /R j 3
i / ai !?wk\%\\_ﬂf E%s 4§7QQ**-
; £/ e v ' 7
0.31—"",?'"“15“‘3“"“‘“ ““““ .U f———- -
FET f .- b
\ i = -
II ; - 1
0.80- N F 3 N
= h - .‘\ o
cpeH i RR "~ AHHOTHMDPOBaHHHE RR Ky
0.79- ' A\
Tl Bpewms, cek i
0.78 - : . :
430 432 434 436 438 440
T T T T
P mmHg  AJlcurnan KI1 nporuos B
150 .
125
100 -
751
| | |
T T T
AP mmHg Bpewms, cex

OIHOKA KAMIEHCANH co cpeanim RR

OIIHOKA KOMITEHCALIHN © HHTEPOOIHPOBAHHEIM RR

L 1
432 433

I I
436 438

430 440
# * # RR-
I # * /2 A - RR-
B - * # .-
* ## 96 *

RR !

23



)$

. N11, 2015

$ (* )I[34]
* ) I[56] !
% OGRW-2014 [21] !
[22]. (! #
( #
!
" 0612 0 # #,-$ % 2 1
0" I(( %" -( #".%( 0"
& $
(* ) [B4] %
% (< )R [1) o
1 <8
+
3, 48 2 6 E7 48 BT 48 Q7 (4)
. <8
p(t') - , U — # ( %
, - # . # $ 4]
& R( |1 (4) t
$
*< . $
*<(4) * ) 11.- ! ) 11
(A) % *
mimic2db/a40008 MIMIC Il Waveform DB [22].
) .11(B) < | *< ) 4
$ ! , # # (
t) (!
C) 4] $ # !

24



. N11, 2015

.
! < (4 1
% $ ,
Tmax ( '
1 1 ) 115 )- ' )
* < #
, ~10 [23].
[/ ~_/ N
0 05 1.0 1.5 2.0 2.5 f’SCC;
) 11.& * (A) *< (B)
t;
3 ’ 1 %
1) I ' '
& , ! #
! *<
* < ,



. N11, 2015

: | # 2
| |
# * < 0 .12). & # G |t )
# I * < Ra( | t)
% W', ) # % . (5) [24].
& ] )
) $ )
@
C4E= 6 > 4+4= 3 4-E 9F
/ (5)
+
> 444 = = BCL 47 4 8= EFGL 47 4 8=t
*< Rt)d) %
) 12¢) (B),
I < ] )
! > # (5):
.\ @
C4E= Z356 ly, ¥1, ¥BCL =¥ +8 [EBCL J%E9%  (6)
/
Re
@
l . ¥ 6 & B [ I1J%UE'EQE’
'@ (7)
Iy, ¥ 6 E ET [ 1J%E'EQE]
/
) # (Ft) $
( Pt), 1 $ [5].

26



(7)
p(t+t")

A12.&

(6).

* <

. N11, 2015

Ra( 'It)0 .11) W', ) (A
# # G« |t ) (B).
% (6)
6) (7): (6)
#
< $
H(f) M(f%
< #
$ p(t—t)
(+< ),
,#
(6) !

27



. N11, 2015

%'+,

o ' $
* # C
#
$ /
| $ $ |
I'$ #
) % ! )<<- N 14-07-
00496 -.

"l
1. Wiener N. Cybernetics: or Control and Communicationthe
Animal and the Machine. Zd ed. Cambridge, Mass.: M.|.T. Pred962.

2. Chaudhari M., Dharavath S. Study of Smart Sensatk their
Applications. // International Journal of Advancedsearch in Computer and
Communication Engineering, vol. 3, N 1, Jan. 2014.

3. Antsiperov V.E., Obukhov Y.V. Multiscale correlati@nalysis of
real medical and biological signals and their greqkbased representation. //
Proceedings of VIII International scientific cordece "Physics and
radioelectronics in medicine and ecology ,RE'2008", Vladimir-Suzdal,
vol.1, 2008, cc. 180-184.

4.  Antsiperov V.E. Multiscale correlation analysis mdnstationary
signals containing quasi-periodic fragments. //dalrof Communications
Technology and Electronics Vol. 53, 1, 2008, cc. 65-77.

5. Antsiperov V.E. The concepts of analytic local pafstture signal

spectra and their use for constructing and analgéishe bilinear time-

28



. N11, 2015

frequency representations. // Proceedings of thth 16ternational conference
“Digital signal processing and its applications, H¥62014”, Moscow, vol.1,
2014, cc. 113-117.

6. Antsiperov V, ., Nikitov S.A. Heart rate monitoring based on
analytical spectra technique. // Proceeding of Rns&erman (until 2012 —
Russian-Bavarian) conference on biomedical engingest.Petersburg, 2014,
cc. 169-171.

7. Marey E.-J. Pression et vitesse du sang. //Phygmlo

Experimentale, Masson, Paris, 1876.

8. Riva-Rocci S. Un nuovo sfigmomanometro. // AiutdaaClin.
Med. Prop. - Doc. di Patologia Medica nella R. UnivTorino., Torino, 1896.

9. Chung E. et al. Non-invasive continuous blood press
monitoring: a review of current applications. @&t Med, vol.7 N.1, 2013, cc.
91-101.

10. Pevaz J. Photoelectric measurement of blood pressatame
and flow in the finger. //Digest of the 10th Intational Conference on

Medical and Biological Engineering, Dresden, 197.3,04.

11. K.J. Astrom and T.Hagglund. PID Controllers: TheoBesign
and Tuning. Research. 2nd Edition. //Triangle PaMNgrth Carolina:
Instrument Society of America, 1995.

12. Klonowski W. From conformons to human brains: aforimal
overview of nonlinear dynamics and its applicatioins biomedicine. //
Nonlinear Biomedical Physics, vol.1, N.5, doi:1@B641753-4631-1-5, 2007.

13. Box G., Jenkins G. Time series analysis: forecgsaimmd control. //
Oakland, California: Holden-Day, 1976.

14. Harald M. Stauss. Heart Rate Variability. // AnPlysiol Regul
Integr Comp Physiol vol. 285, N.5, 2003, pp 927-931

29



. N11, 2015

15. Daley D.J, Vere-Jones D. An Introduction to the dilyeof Point
Processes. // Springer, New York, 1988.

16. North, D. O., An Analysis of the Factors Which Detee
Signal/Noise Discrimination in Pulsed Carrier Syste // Reprinted: Proc.
IEEE, vol. 51, no. 7, Jul. 1963.

17. Pan J., Tompkins W.J. A Real-Time QRS DetectionoAtgm. //
IEEE Transactions on Biomedical Engineering , BVME-32, no.3, pp.230-
236, 1985.

18. Robust Detection of Heart Beats in Multimodal DétBhysioNet
/ Computing in Cardiology Challenge 2014,
https://physionet.org/challenge/201rEtrieved 2015-10-14.

19. Antsiperov V, ., Nikitov S.A. Heart rate monitoring based on
analytical spectra technique // Proceeding of XdusGerman (until 2012 —
Russian-Bavarian) conference on biomedical engimge$.Petersburg , 2014,
pp. 169-171.

20. V., . Antsiperov, K.G. Mansurov, V.V. Bonch-BruevichloBd
pressure rhythm estimation based on shape patternanalytic spectra. //
Contributions of 9-th Open German-RussianWorkshogattern Recognition
and Image Understanding OGRW-2014, Dec. 1-5 20hikdikitat Koblenz-
Landau, Koblenz, Germany, 2014.

21. V. E. Antsiperov, K. G. Mansurov, V. V. Bonch-Bruek. Blood
Pressure Rhythm Estimation Based on Shape PaftarAsalytic Spectra. //
Proceedings of the 9th Open German-Russian Worksbop Pattern
Recognition and Image Understanding, OGRW2014, vacW¥ision Group
(AGAS), Koblenz, Germany, December 1-5, 2015, jp54@.

22. Goldberger AL, Amaral LAN, et al. PhysioBank, Plo/goolkit,
and PhysioNet: Components of a New Research Resdiarc Complex
Physiologic Signals. // Circulation 101(23):e212@2 13 June 2000.

30



. N11, 2015

[Circulation  Electronic  Pages; http://circ.ahajournals.org/cgi/content/
full/101/23/e21%, retrieved 2015-10-14.

23. Otnes R.K. and Enochson L. Applied Time Series ysial
Volume I: Basic Techniques. // Wiley-Intersciende.Y., 1978.

24. Mallat S.G. A theory of multiresolution signal degposition: The
wavelet representation. // IEEE Pattern Analysid #achine Intelligence,
vol.11, N.7, 1989, pp. 674—-693.

31



