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Abstrakt

Zarizeni pro méreni hemodynamickych parametru je komplexni zafizeni
umoziujici synchronni snimani biologickych signalid potifebnych ke sta-
noveni hemodynamickych parametri méfené osoby, predevsim oscilome-
trickych pulsaci z manzet umisténych na pazi a zapésti, elektrokardio-
grafického signalu (EKG) a fotoplethysmografického signalu (PPG). Os-
cilometrické pulsace je mozné mérit jak pii vypousténi manzet, coz je
pfi méteni krevniho tlaku bézné, tak ale i pfi jejich napousténi, coz vy-
znamné eliminuje artefakty zptsobené deformaci tkani.

The device allows the measurement of signals for determination of hemo-
dynamic parameters, especially oscillometric pulsations from cuffs placed
on the arm and wrist, electrocardiogram (ECG) and photoplethysmo-
gram (PPG). Oscillometric pulsations could be measured both during
inflating the cuffs as is usual, and during deflating the cuffs. It elimina-
tes artefacts caused by tissue deformations.
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ABSTRACT

The paper deals with the design of method for primary
screening of atherosclerosis based on hemodynamic param-
eters. The method combines sensing of blood pressure us-
ing two-cuffs system with sensing of plethysmography and
electro-cardiography signals. The designed method provides
not only the measurement of blood pressure as a standard
parameter of cardiovascular system, but also the measure-
ment of several hemodynamic parameters such as pulse wave
velocity (PWV) or arterial stiffness index (ASI). The design
and realization of the device for measuring parameters given
above are also described in the paper.

Categories and Subject Descriptors

B.4.0 Input/Output and Data Communications]: Gen-
eral; 1.5.4 [Pattern Recognition]: Applications—Signal
Processing

General Terms

Measurement, Design, Theory

Keywords

Hemodynamic Parameters, Atherosclerosis, Medical Elec-
tronics

1. INTRODUCTION

Cardiovascular diseases belong currently to the most fre-
quent reasons of death. The significant disease of vessels
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system especially in Europe—American population is ather-
osclerosis [1]. This disease gradually produces irreversible
changes of cardiovascular system. Unfortunately the diag-
nostics of the disease is very difficult in initial phases.

During the atherosclerosis lipids are attached on vessels
walls, the elasticity and the diameter of vessels are signif-
icantly decreased. All these changes result in decrease of
blood flow [2]. One of the manifestations of the atheroscler-
osis is ischemic disease. However immediate consequences of
atherosclerosis could be many abrupt failures such as brain
stroke or heart attack.

As it is well known the basic factors of atherosclerosis ini-
tialization are high age, smoking, failure of lipid metabolism,
hypertension or diabetes mellitus.

Currently there are a few methods for relatively exact
atherosclerosis diagnostics and for determination of vessels
degradation degree. The most frequently used methods are
measuring the ratio of systolic blood pressure on the ankle
to systolic blood pressure on the arm, measuring of func-
tion and morphological changes of peripheral vessel walls,
measuring of vessel walls compliance, measuring of coro-
nary arteries calcification (calcium score), and finally the
MRI of vessel walls. Not any one method could be easily
used for wide population diagnostics, partly due to a diffi-
culty of measurement, partly due to principal limitations of
methods (such as limitation of methods infallibility for wide
range of patients) and partly due to high costs of introduced
methods.

It is evident that a suitable method has to be non-invasive
with minimal stress for the patient, infallible for wide range
of the patients, and inexpensive for frequent use in the health
care system.

It seems that it is possible to measure any additional pa-
rameters during the oscillometric measurements of blood
pressure with relatively easy changes in the measurement
arrangement. The most important parameters are the hemo-
dynamic parameters of the cardiovascular system, which
could be used for primary screening of atherosclerosis [3,
4]. A highly important issue in this context is a regular and
a periodic monitoring of blood pressure and hemodynamic
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Figure 1: General Concept

parameters, especially PWV (pulse wave velocity) and Al
(augmentation index).

Currently used automatic methods for measuring blood
pressure have many imperfections of measuring on target
group of patients such as patients with atherosclerosis, dia-
betes mellitus or preeclampsia. Frequent problems are high
sensitivity for motion artifacts or low precision of measured
values [5].

The auscultatory method for measurement of blood pres-
sure (the method based on measurement of the Korotkoff
sounds using the stethoscope) could be considered as the
precise method. But unfortunately, the method could not
be used for automatic measurements.

Regardless there are professional devices for measuring
basic hemodynamic parameters such as ABI (ankle-brachial
index; the ratio of the blood pressure in the lower legs to the
blood pressure in the arms) [6], CAVI (cardio—ankle vascular
index; an index reflecting the stiffness of the artery from the
heart to ankles.) [7], AI (augmentation index; the propor-
tion of central pulse pressure due to the late systolic peak)
[8] or the change of the oscillation amplitude [9]. Unfor-
tunately, all of the devices require precise measurement of
the blood pressure. Introduced devices measure blood pres-
sure using the oscillometric method, which is not suitable
for patients with atherosclerosis and other diseases of car-
diovascular system [10, 11]. It means the diagnostics of ath-
erosclerosis using these devices is problematic in principle.

2. METHODS

Our approach is based on measuring selected hemody-
namic parameters in conjunction with a precise measure-
ment of the systolic blood pressure (SBP).

The high precision measuring of SBP is obtained using the
standard oscillometric method (measuring the pulsations in
arm cuff) in combination with measuring additional signals
— oscillometric pulsations acquired in wrist cuff, plethysmog-
raphy signal acquired using finger stick. In standard oscil-
lometric method the mean arterial pressure (MAP) is only
measured, the SBP and diastolic blood pressure (DBP) are
computed using the 55/85 or similar methods?.

'For example, the commonly used 55/85 method derives the

The crucial problem of all these methods is the depen-
dency of computed values on the patient. The methods are
precise only for theoretical patient with good health and me-
dian characteristics, not for real patients. Our method solves
this problem by combination of oscillometric pulsations in
arm and wrist cuff with plethysmography signal obtained
from the index finger in the same arm. The SBP is deter-
mined as a pressure in arm cuff during the deflating of cuff,
when the first pulse in wrist cuff or in the plethysmogram
has been achieved. It is a principal approach, because the
SBP is not only computed, but measured directly. It means
it is more precise than the standard oscillometric method.
The method significantly decreases the patient dependency
of the measured values.

For the estimation of atherosclerosis risk the following
hemodynamic parameters have been chosen:

e PWYV (pulse wave velocity),

Pulse wave velocity (PWV), by definition, is the dis-
tance traveled by the wave divided by the time for the
wave to travel that distance. Physically, the parameter
PWYV represents the velocity of the propagation of the
pulse wave. The parameter is a highly reproducible
parameter with strict correlation with occurrence of
cardiovascular attacks [12, 13].

e Al (augmentation index),

Augmentation index (AI) is defined as the proportion
of central pulse pressure due to the late systolic peak,
which is in turn attributed to the reflected pulse wave.
The parameter Al is auxiliary parameter for athero-
sclerosis screening [14].

SBP and DBP from the amplitude of oscillations. The max-
imum amplitude of oscillations corresponds to mean arterial
pressure (MAP). Systolic pressure is determined from the
data already acquired. SBP can be determined by selecting
the underlying pressure that corresponds to the amplitude
of 55% of the maximum amplitude of oscillations (MAP) be-
fore the point of MAP. Furthermore, DBP is the underlying
pressure when the envelope of oscillations has decreased to
85% of the maximal amplitude.
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Figure 2: Example of Real Signals (M, 26 years, student)

e and ASI (arterially stiffness index).

The parameter ASI is a measure of arterial stiffness or
flexibility. The parameter ASI is in close connection
with atherosclerosis [15, 16].

The PWYV parameter could be determined using dual cuff
system (combination of arm and wrist cuffs) or using signal
from arm cuff and plethysmogram based on delay between
systole on cuffs or plethysmogram. Furthermore, it seems
that the more precise determination of PWYV is possible with
usage of ECG signal, which is significant for determination
of the moment of the systole.

The AT and ASI parameters could be determined from the
shape of oscillometric pulsations. It seems that the shape of
pulsations depends on stiffness of arterial wall. The corre-
lation between stiffness of arterial wall and atherosclerosis
has been shown earlier [17].

3. HARDWARE REALIZATION

A special device has been designed for the described re-
search. The device combines the dual—cuff blood pressure
meter, plethysmograph and ECG. A general concept of the
device is shown in Fig. 1.

The realization of blood pressure meter is very simple in
principle. The meter consists of an air pump, controlled
valve, pressure sensor (convertor of the air pressure to the
voltage) and microprocessor. Inflating and deflating of the

cuffs are controlled by the microprocessor. The processor
also performs analog-to-digital conversion of output voltage
from pressure sensor and calculations of required values [18].

The photoplethysmograph is realized very similarly as the
pulse oximeter. It uses finger stick with LED and photodi-
ode as a sensor of finger absorbance, which correlates with
blood penetration of finger. The circuit design of plethysmo-
graph consists of LED drivers, input amplifiers, sample/hold
circuits and filters and processor unit with integrated A/D
converters [19)].

The realization of ECG is very common. It is designed as
a standard well known ECG amplifier with feedback for the
decreasing of power supply noise (50/60 Hz).

The device is controlled by a microprocessor, which per-
forms not only the analog-to-digital conversion of all re-
quired signals and signal preprocessing, but also the data
transfer to a PC via USB interface.

4. SOFTWARE SUPPORT

The hardware realization is completed with a software ap-
plication. The application is developed in object language
DELPHI, the USB communication is implemented in the
same way as communication for a standard HID (human-
interface-device). It means the device does not require a spe-
cial driver for transfer the data to PC. The application is
able to store data in CSV (comma-separated-values) format
which is easily readable in Matlab or any other software for
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Figure 3: Example of Real Signals (W, 25 years, student)

engineering calculations. All the measured signals are sam-
pled synchronously, of course. It is provided by firmware of
control processor unit in the device directly.

5. RESULTS

The realized device has been used for measuring oscilla-
tions, wrist cuff pressure pulsations and plethysmogram on
the test group of patients. The group consists of 25 patients
recruited from the healthy young population for the test pur-
poses. The signals have been stored in a signal database.

Examples of real signals are shown in Fig. 2 and Fig. 3.
Each figure consists of three graphs. The upper graph shows
the behaviour of oscillometric pulsations in arm cuff (AC
component of pressure in the cuff) and the absolute pres-
sure in the cuff (slowly decreasing behaviour). The middle
graph shows the pressure pulses in wrist cuff (AC compo-
nent; the cuff was inflated to subdiastolic pressure, about
40 mmHg). And finally, the bottom graph shows the pho-
toplethysmogram, the signal from finger stick.

6. CONCLUSION

The summary of methods for atherosclerosis screening has
been presented in this paper. In general, the methods based
on oscillometric measurements of blood pressure are fre-
quently used. These methods are relatively easy to use and
cheap, unfortunately the results from these methods are not

significant due to their low accuracy and also due to depen-
dencies of obtained values on the patients.

The innovative method based on combination of dual—cuff
blood pressure measuring system and the photoplethysmog-
raphy and the ECG measuring has been described in this
paper. The required device has been designed and realized
and the initial tests have been performed.

The design of methods for evaluating signals and for de-
termination of required hemodynamic parameters has to be
done in next research.
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Abstract — This paper deals with solving of the data
synchronization problem during the data retrieval
from independent devices. The data — oscillometry
and photoplethysmography signals — are acquired
using three independent measuring devices
connected to PC via USB ports. The task is to
obtain synchronized data. It means the problem is
to sample signals in each device at the same time.
The sampling of signals is triggered by internal
counters independently in each device, the
counters are commonly synchronized by general
synchronization packets. The presented sampling
method is robust and independent of the state of
operating system on superordinate PC.

1. INTRODUCTION

One of the most frequent affects of cardiovascular
system is Atherosclerosis. It is a very dangerous
disease, because it produces irreversible changes in
cardiovascular system. Atherosclerosis causes that
lipids are stored on the walls of blood vessels. It leads
to decrease of vessels’ elasticity, decrease of vessels’
diameter and decrease of blood flow [1]. All of these
consequences could be very dangerous for a patient
with untreated Atherosclerosis. Unfortunately it is
very hard to diagnose Atherosclerosis in an early
phase.

The blood pressure measurement is a commonly
used basic method for monitoring the cardiovascular
system condition. It is used in both hospital and home
care. The most frequently used method is non-
invasive oscillometry based on evaluation of
amplitude envelope of the oscillations in the
sphygmomanometer cuff. This method is the standard
method for automated blood pressure measurement.

It seems that the oscillometry method could be
slightly rearranged. After the rearrangement the
method would be able to provide not only information
about blood pressure, but also other cardiovascular
(hemodynamic) parameters. These could be used for
early screening of Atherosclerosis. [2, 3]

The measurement of three signals — oscillometric
pulsations from arm and wrist cuffs and
photoplethysmographic curve — is required for
accurate determination of blood pressure and other
hemodynamic parameters. For measuring these
signals, three independent modules could be used.
The first one is a pulse oximeter that provides

photoplethysmographic curve from the finger [4].
Next two modules are kits for non-invasive blood
pressure measurement [5].

The modules are connected to a PC and the data
from them are synchronized. Software application on
the superordinate PC allows to control all devices via
USB, synchronize the incoming data and save them
into one file. It is possible then for example, to load
the data and process the signals in MATLAB.

II. PRINCIPLE OF MEASUREMENT

Two types of measurement kits were used for
acquiring the data.

For stopping the blood flow the blood pressure
meter with an arm cuff has been used (see Fig. 1). It
works in the principle of automated oscillometry
measurement [5]. Second measurement kit is also a
blood pressure meter with a wrist cuff. The cuff is
inflated to pressure under diastolic pressure (typically
40 mmHg or 45 mmHg) and senses the pulses of
blood flow on the wrist.

Both modules were developed for research in the
field of signal processing and classification. They
allow to measure and save raw data. Detailed
description of the modules is in [5].

The third module is the module of pulse oximeter.
It enables to sense the photoplethysmograph curve on
a finger (see Fig 2). Unlike standard devices, the
module allows to set some hardware parameters
manually and to save raw data.
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Fig.1: Blood pressure meter



Each module is connected to a PC via USB
interface. One software application can control all
modules, synchronize data and save them.
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Fig. 2: Pulse oximeter

III. SYNCHRONIZATION

All three modules were developed as standalone
modules. They communicate with superordinate PC
via USB HID protocol as an independent devices, it
means that no driver in PC is required. It is very
convenient and easy for users, but it produces some
problems. The main problem of using independent
devices is to acquire synchronized data from all of
them. For accurate processing and classification of
obtained signals it is crutial to have signals sampled in
the same time.

The solution of this problem has to fulfill some
requirements. Firstly it has to be done without
intervention to the current hardware realization and
with minimal intervention to the current firmware.
The second but not least requirement is to maintain
compatibility with existing software applications.

Sampling frequency of signals in both types of
modules is designed to 100 Hz, but internal interrupt
loop runs in the frequency of 1 kHz at all modules.
Each interrupt increments local variable. If the
variable reaches 10, the analog values are read and
sent to a PC and the local variable is set to zero. This
solution gives the possibility to simple increase the
sampling frequency, but it is not necessary because
the maximal frequency component in measured signal
is certainly lower than 50 Hz.

The synchronization of all modules is in general
based on  synchronization  packets.  Each
synchronization packet is sent into all modules
roughly at the same time.

Synchronization packet causes reset of local
counters. Thus the accuracy of synchronization is
1 ms in total. An example of timing diagram from all
modules before and after the synchronization packet
is in the Figure 3. The upper part of figure shows the
sequences of sampling pulses in non-synchronized
devices, the lower part shows the sequences of
sampling pulses in synchronized system.

We tested that Windows creates only very small
delay to HID output packet (certainly less than 1 ms)
in normal case. The problem can appear when you use

HUB between modules and a PC. Windows XP SP2
and SP3 contain a bug on HID, which delays HID
output report over interrupt OUT endpoint, just when
a hub is inserted. For HID input, there is no delay in
any Windows version. This problem is described in
Microsoft Knowledge Base, article 1D 940021 [6].
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Fig. 3: Timing diagram, black (long) stem means time of reading
analog value, green /short) stem is increment of local counter

IV. SOFTWARE

The hardware part is supported by a simple
software application (see Fig. 4). The application
controls all three modules separately.

Firstly, parameters of the pulse oximeter like red
LED and IR LED light intensity and the gain of
signals have to be set.

Next step is to inflate the wrist cuff to the pressure
under diastolic pressure. This ensures that blood in the
artery flows and we sense only pulses. After the
measurement, the air valve is released and the cuff is
deflated.
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Fig. 4: Software application



Lastly, the measurement could be run. The arm
cuff is inflated slightly above limit which is set in the
application. It is usually pressure around 180 mmHg.
Then, while the arm cuff is being deflated, the
absolute pressure and oscillations are acquired.

After the measurement, the data are saved into a
CSV file which can be loaded for example in
MATLAB.

V. DATA VISUALISATION

Recorded signals could be visualized and analyzed
using the supporting SW application (see Fig. 5). The
figure shows that if the pressure in cuff is equal to the
patient’s systolic blood pressure, both the pulses in
the wrist cuff and photoplethysmograph pulsations
will appear. Systolic pressure can be calculated from
oscillations in arm cuff, for example by the standard
ratio method [7]. Systolic blood pressure can be
determined by selecting the underlying pressure that
corresponds to the amplitude of approximately 55%
of the maxima amplitude of oscillations (which is
mean arterial pressure, MAP) before the point of
MAP. Using this method the diastolic blood pressure
could be also determined as the underlying pressure
that corresponds to the amplitude of approximately
85% of the maximum amplitude of oscillations after
the point of MAP.
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Fig. 5: Data visualization

VI. CONCLUSION

The principle of data synchronization of the
independent USB devices was described. We used
this method for synchronization of analog samples
during a measurement of hemodynamic parameters of
the cardiovascular system with minimal intervention
on the current laboratory kits. From the visualization,
we can see the systolic pressure measured with

several automated methods. With this system, we can
compare all methods in terms of their accuracy,
repeatability and possibility of automated calculation.
From all signals, we can also calculate several
hemodynamical parameters of cardiovascular system
like systolic and diastolic blood pressure, mean
arterial  pressure, pulse wave velocity, or
augmentation index.

The developed application is very simple and
allows to continuously read synchronized samples
from all the devices. Raw data are saved into a text
file that can be processed in MATLAB or another
program.

ACKNOWLEDGMENT

This work has been supported by the research
program No. MSM 6840770012 of the Czech
Technical University in Prague (sponsored by the
Ministry of Education, Youth and Sports of the Czech
Republic) and the grant No. SGS11/153/OHK3/3T/13
(sponsored by CTU in Prague).

REFERENCES

[1] Atherosclerosis. Medline Plus, 2011. Available
from URL: <http://www.nlm.nih.gov/medlineplus/
ency/article/000171.htm> [3. 2. 2011]

[2] J. Jilek, M. Stork, "Systém pro neinvazivni
vySetfeni krevniho tlaku a hemodynamiky" (in
Czech), in Lékar a technika, vol. 3, 2004, pp. 33-
38.

[3] Joshua A. Beckman; Caitlin O. Higgins; Marie
Gerhard-Herman, Automated Oscillometric
Determination of the Ankle-Brachial Index
Provides Accuracy Necessary for Office Praktice.
Hypertension. 2006; pp. 47:35.

[4] Havlik, J. - Dvotak, J.: Laboratory Kit for Pulse
Oximetry. In Conference Proceedings of The 3rd
International Symposium on Applied Sciences in
Biomedical and Communication Technologies
[CD-ROM]. Rome: University of Rome "Tor
Vergata", 2010.

[5] Dvorak, J. - Havlik, J.: Laboratory Kit for
Oscillometry Measurement of Blood Pressure. In
Information Technology in Bio-and Medical
Informatics. Berlin: Springer, 2010, p. 215-219.
ISBN 978-3-642-15019-7.

[6] The data transfer speed of a USB 1.x device may
be slower than expected when you connect it to a
USB 2.0 hub on a Windows XP SP2-based
computer, Microsoft Knowledge Base, available
from URL <http://support.microsoft.com/
kb/940021/en-us> [3.2.2011].

[7] Bruce Friedman, Association for the Advancement
of Medical Instrumentation: Oscillometric Blood
Pressure Measurement .Available from URL <
http://www.nhlbi.nih.gov/health/prof/heart/hbp/bp

measu.pdf>




Prilohy

2.1 Fotografie realizovaného pripravku

11



2.2 Fotografie realizovaného pripravku

12



Schéma zapojeni

© XN O W

USB pfipojeni

napé&tové regulatory

signalové zpracovani

elektrokardiograf

fonokardiograf

plethysmograf (¢ast I)

plethysmograf (¢4st IT)

snimani krevniho tlaku

budic¢e vzduchovych kompresort a ventild

13



M +5V
ISOLATED USB VBUS_ISO +5V
— C63 ICo = c65
Co64 100n [ 1] | 16] 100n C66
VBUS_ISO 100n 2 | VBUSL . VBUSZ 775 100n
VDDL1 | — 73 |GNDla: GND2a =77 VDD2
CON6 IC8 L5 1uH @ 132 \ngg,{l VSES 13 ¢
VBUS % Vee — Voo g R117 24R g =y e ﬁ R119 24R 5
L |t 10 —10 & M = UD- DD- 5 M by %0
T D+ o —io0 12 MWV 5| UD+ DD+ [ MWV D+
in '(?ND_* GND— GN R118 24R ¢ GND1b: GND2b % RI120 24R
USB62 L4 1uH NVZ ADUMA160 —
CONNECTED CONNECTED| | CONNECTED
D9 VDD1 | VDD2 ) VDD2
5V6
VBUS 1SO2 K 1 u10 u7
~ gD G BOTTOM LAYER ) (J—_
NC NC U8 —
BOTTOM LAYER BOTTOM LAYER
Title
USB Isolation
Size Document Number Rev
A Dvorak Jan 1.0
Date: Sunday, July 31, 2011 [Sheet 1 of
5 4 3 | 2 1




U_nap

N N
D12 D14
IN5818 i 1N5818
CON1
— — —
1 cs1
2 = 1mo/25v
9492020 A
D13 D15
1N5818 i IN5818
— —
1 +5V_S
u 1
na Vin Vout
[a)
=z
C80 o
100n «~| 7805 100n
T 100u116V Z\ D11
1N4148
+5V
L8 U9
Y _nap LY N Vin Vout 3 \ 4
220uH e
c77 © c74 C76
| 7805 DPAK £ a7

l -

—" 100n

Sunday, July 31, 2011
2

+5V
D10
T < 3V0
U12 1N4148
3 i 2
Vin Vout
3
ce7 < R122
= 100n LM317L 330rR | C68 c69 § R121
100n 4u7 220R
) R126 ne
NC — = =
+5V_S
0 R166 103 MAX660
1 8
—W—7 re  vs =
pr— CAP+ OSC
— C100 3 6 R167
- 1004 4 GND LV 5]
T u [| CAP- ouT
+5V_S
o R124 102 \1ax660
1 8
WVv—> Fo " vs 7 5 -5V
= c70_3 | GAP+ OSC 5 R125 L7
- - 7| GND LV 5]
T 1% T cap- out * -
l cr2
= C71== 100n C73
10u 100u
—<+5V +5V - ) ) -
-SVH<-5V
L<+5V IS
M<3VO
Title
Voltage regulators
Size Document Number Rev
A Dvorak Jan 1.0
Date: [Sheet 2 of 9




+5V
u3s IN4148 D22
1 ~N MRESET
1
BV Kasv g
-5V 4 _PGD
S 5 PGC R173 D23
+5V_S K +5V_S 6 PGM = 1N5818
M Kawo
R175 1k RESET
R176 1k ci111 c108
R177 1k 100n 10n
R178 1k R181
status LED diodes R179 1k 47k
U34 RISO T ets - R182 SWI
1 [—— 28
— 1 MRESET_1 5| MCLRIVPP RB7/PGD [~5>pac— Ech: 47k —
5 ANNV——=- RAO RB6/PGC 55 pan -
3 ANNV— RAL RBS/PGM [z — CS MAX1
4 MW RA2 RB4 ™57 ¢ CS_MAX2
5 AM——— RA3 RB3 [53 G5 DA
6 NMW\—— RA4 RB2/INT2 55 5pT 5cr& CS_PAgp| sk
7 AMN——F- RA5  RBI/INT1/SCK [51 Sprap] SPISpr S5 SPLSCK
T 5 Vss1  RBO/NTO/SDI 5555y SPI_SDI
— = 70| OSC1L vdd [Fg———
- 0OSsC2 Vss2 [Ta]
PUMP1 22 M {RCO RC7RWSDO B SPLSBO spi_spo
PUMP2 RC1 RC6/TX —%% D+
v ]1%— RC2 RC5/D+ [ 5[5 D+
0—||:| ¢ Vusb RC4/D-
C109 | | 20.000MHz c11o 01o7l C106 =
15p == 1n 470n PIC18F2550
s . +5V
) ) . ) B C116 4u7
3V0 C113 11
+5V toon /= | €14 i
B c117 . U36 ¢— vDD N.C.d ——
DGNDa REF f—
112 115 1 =
Sz L] ics 4z CONNECTED “{Nca  NCc|[= Cl15 1n =
T DGNDb REFADJ
PI_SCK 1 2 45V
¢+—{ vDD N.C.h < —= CONNECTED sy S CSSCMAXZ SCLK CH7 7190 (5 5
DGNDa  REF - + ) g cs CH6 5190 5]
DGNDb REFADJ DIN CH5 =00 3
SPl SCK *“~ N.Ca N.C.g +< ci1a | uss > SSTRB CH4 gl o0 410 Iy —|—:
CS MAXL SCLK  NCf = 10n SPI SDI > N.Cb CH3 oo -
d cs CH7 H(m oscilace_V DOUT CH2 manzeta_V | s=—1\v10G
%~ N.Cb N.C.e < '—J SHDN CH1 nadoba_V
SPI SDO “ N.Cc CH6 DP_OSCILACE  — AGND CHO TONO_MAN_OUT
DIN CHS5 TONO_oscilace - —1
>~ SSTRB CH4 ECGIIIOUT = MAX1270 PDIP
*— N.Cd CH3 ECGIIOUT
SPI_SDI DOUT CH2 FKGOUT
e— SHDN CH1 PLETH_OUT_ B
AGND CHO PLETH_OUT_A
= MAX1270 Title _ _
Signal processing
Size Document Number Rev
A Dvorak Jan 1.0
Date: [Sheet 3 of 9

Monday, August 01, 2011
2




R
R24 c14
AAA 1L
VVv LU
100k
c11 R28
m A
LU Vv
n 470k
R27 TLO74
LW
= 2 oL e—— KEcaiouT
c12 R26
o 5
f——AW s
i 680n 470k J_ IC3B
R25 c13
am7 n
° ) ci6
1L
LU
in
R32
vvv AAA
100k Vv
c18 470k
R31 TLO74
F — WA 13
= 2 14
c17 R30 oy ———————K ECGllIouT
12
680n 470k J_ IC3D
R29 c1s5
am7 n
L 12
AVABAI: A
1
14
RO o
E AAA 3|
10k
R13
AAA +5V
Wy
10M
R12
A
WA
c4 M gy
RL_N m A
N LU vv
R16 L1 cr +5V n 220k
JERYW ~A B RA R
TR 1uH in b7 R10 LA L
o AN
R15 R14 oK LLF +5V K +5v
A A
WV Wy
47k B 4T0R SHIELD -5V
= c6 Ky
D8 220)
o N ®|+sv RL N
= < R17
-5V < 47k
TLOT2 +5V
5 CANON15_90 cso
S * 220u
uT
6
= c31
ic2B 100u
-Lv
[Title
ize Document Number
A3 Dvorak Jan
Date: Sunday, July 31, 2011 Bheet 2 of
5 T 4 T 3 T 2 1




+5V

L9

Y °
220uH ca2
—— 100n
C37
co28 R48 100u —_
Il > A\
470n C34
a7k = 0 S RS2
U2 R43 100k
g 100k
1 R47
GND) 2 10k U3 ©| | o
jack 2.5 mono R44 ——<FKGOUT C36 R55
22k 5 °
I
P P l 1000u/6.3V 10R
—= — C29
potenciometr 47n
logaritmicky = LM386
PC16MGKO010 — c35 —
= 10u R53 jack 3.5 stereo
10R
100 GAI'N e
Ra6 |3 =

10k | L .
trimr, stojaty, okraj desky

PT15NHK100 + PT15ZW1

+5V
c33 c26 K+sv
-~ 22u = 100n
-5V
5V 5V K-sv
+5V +5V
J C32 Cc23
= 22u == 100n
A —_ —_
Title
Fonocardiograph
Size Document Number
A Dvorak Jan
Date: [Sheet 5 of 9

Sunday, July 31, 2011
2




< RIS
o 3
FDA
EDC
:: R63
< 0
BV Kasv
B K
VS Kusvs
>
+5V s
p
+5V
ca8 <
220 cas s
100n
= cag
100 ca7
100n
5V
-5V

R73
R79
A
WV
M
l M 470k
P
PLETH_OUT_A (M cs0 220k TLO74 R75
100n AWV
= 10k
1
3 < RS
R66 > 100k
—AAA 2
Wy
TLO74
470k 9
N R69
8 AA
ca0 ca1 oy Vv
it it = 220k
470n 470n
IcsC
R65
M
+5V_S P2
L x—t40
< R8O 6
S 220r LEDL 3_0:
LED2 oo
4 OO
FDC °
FDA °
R57 < R59 < R60
o T o0 T o CANON9
L L cs1
R83 < RE2 < R77 10u
120R §° 220R < 330R
d_LEDL
LED2
[Title
Plethysmograph I.
ize Document Number ev

A3 Dvorak Jan

1.0

Date: Sunday, July 31, 2011
e Suna

Bheet
1




R107

w
VW—=
Pl
©
2

100k

AAA
~

R106
1} R109
in AWV
AMA
R74 -L Vv 470k
"v"v’;: PLETH OUT B ((—CLETHOUT B c60 220k TLO74
68 I
100n
TLO74 =
R78
L AVAVAV
10k
R
iceB 99
c46
1L
1
in
L R76 R88
< RS RO7 A A
o 0 68k 10k
TLO74
] -
8
oy
0],
= Ic6C
B Kasv
SV ey
LED1
+5V_S
VS Kesvs L[ED?
FDC
FDA

+5V
cs8
= cs6

+5V.

100n

C57
100n

LED1

LED2

100n
P3
O
]
]
]
O
]
]
]
O
CANON9
[Title
Plethysmograph Il.
ize Document Number ev
A3 Dvorak Jan 10
Date: 7 of

Sunday, July 31, 2011 Bheet
1




5 | 4 | 3 | 2 | 1
u16
u14 u1s
Vs
——| N 5V Vs 25V Vs
nadoba +— vout l GND l GND
1 . ol | Vou o vz Vou SI MPLE MEASUREMENT - ONLY DEFLATI NG
css 100n D
_T_ " u13 Ute MPXV5004DP 21 MPXV5050GP )
— Vout = = =
T - e uzs
3vo e -I- oY D G Vs
—T_ napojit na BNC C86 u3o _I_ sg‘u[t)
vz L MPX4250GP in ;ﬁlﬁ%ﬂﬁgem n VO co7 p—— TONO_MAN_OUT
= L {29 100n MPXV5050GP
= CON2LAM —
TONO_manzeta
+5V
IC10A TLO74
oscilace
R148 R149
IV\IAV AVAVAVI
10k 10k
Cc
o oscnncr BESSEL FILTER .,
GAIN < (l'i near phase)
co94
TONO_manzeta L
3vo ! I
4700
R142 TLO74 R145 R152
6k8 100k R151 2m7 —<<TONO_osciIace
R143 10k
10k
1 IC10B
= 1 2
= AVAVAV B
R139 GAIN R158
AM ° 3 100k
R159
470R
co1
dnanzeld ic10C ic10D -
470n nadoba manzeta 12
R131
M7 +—< nadoba_v p— manzeta_V 45V Casv 45V S Cosvs
“090 “C89 -5V <sv 3v0 <avo
i i
R129 1" R127 11
AN 27K AAA
BESSEL FI LTER ] ) W .
. podl e pouziteho cidla
(linear phase) & m SO
s s
R138 —((mfoscwlacefv < 10k < 10k
470R [Title
Pressure sensing
= = = ize Document Number ev
B Dvorak Jan 1.0
[Date: Monday, August 01, 2011 JSheet 8 of 9
5 I 4 I 3 I 2 1




Ci01 D17

C102 D19
10n  1N4148 |45y S 10n  1N4148 |45y s
- +5V -
¢ CONS o 30 ¢ CON9
1 1
+5V = 2 = - 2
IC1140 E— IC12A IC11B —
ZAMEK 2p o VDD REF 1 ZAMEK 2p
SHDN ou
AVss
~ MCP4922
BD139 — BD139
= = D18
1N4148 1N4148
R165 R168
CS DA (cs_pa 10R 10R
M<<SPLSCK — —
SPI_SDO . C104 D21 )
sPI_sbO 10n  1IN4148 |45y s
4 CON11
1
2
C103 D20 1 ZAMEK 2p
10n  1IN4148 |45v S BC546C
pump2 < Q9
p CON10 Q4
] 47k
1 3V0
> = K3vo
BD139
) ZAMEK 2p R VS Kesvs
R170
BC546C
PUMPL <K 08 - _ B sy
Q3 - -
47k
M 5V
BD139
R169
6k8
J Title
=2 =3 Pumps and valves
Size Document Number Rev
A Dvorak Jan 1.0
Date: Monday, August 01, 2011 [Sheet 9 of 9
5 4 | 2 [ 1




