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SUMMARY

Heart sound contains rich information regarding the dynamics of the heart.
Auscultation of the heart would therefore be an important aspect of patient
examination and can be used for physicians to detect the abnormalities of the
heart and the track progression of cardiac defects. However, auscultation
using a conventional stethoscope requires special skill and long experience of
doctors and this may prevent the auscultation from becoming a reliable
routine diagnostic procedure for many physicians. Phonocardiogram(PCG) may
be a solution to this problem, but heart sounds captured using a conventional
stethoscope are not often loud or clear enough for doctors to precisely
classify their characteristics, especially, under the noisy environments of the
hospital.

A simple auscultation device that removed shortcomings of the
conventional stethoscope was constructed in the study. The device employed
a polymer based adherent differential output sensor which was on contact
with skin through a coupling medium and appropriated electronic circuits for
signal amplification and conditioning and the sensor rejects airborne room
noise and discriminates against such noise after it enters the body. The
device employed a instrumentation amplifier as preamplifier which have high
CMRR and input impedance and an ordinary headphone was taken to hear
the captured heart sounds and the volume can be adjusted to hear well. The
microcontroller with A/D converter is used for communicating with a PC and
converting a signal into binary data. It is possible that the device sends the
captured heart sound signals to a PC where the signals are further processed
and visualized. An asynchronous serial communication interface is used for

communicating with a PC. In this study a window program was developed to



display the PCG data received from a auscultation device.

A simple auscultation system using the PADS was constructed which
enables us to hear heart sounds less noisy and loud enough. It is expected
that the constructed device will be a useful tool for doctors to have better

auscultation.
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Figure 2. Comparison between the PCG and the ECG
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Figure 3. Auscultation areas on the chest. A, aortic;
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2. PADS(Polymer Based Adherent Differential Output Sensor)
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Figure 4. Illustration of the PADS and its equivalent circuit

Table 1. The specifications of the PADS

25 mV/us at 250 Hz
- as measured with ends fixed in the transverse

direction but free in the lateral directs while the
center is driven sinusoidally

Sensitivity

1-3000Hz.

Frequency | when used with a properly designed difference
amplifier

3.0 nF £10% per channel

Capacitance
P measured at 1000Hz

Weight 1.3 grams
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3. ®x T A2EA

2" 5 AA WA AR AxEe

tind

=% tolojade BoEd. PADSHA
WAF A& E A3 instrumentation amplifier2 e 2 AEZ Z 7] of 4 123
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Amplifier

Power
Amplifier

High-pass Filter Speaker

Personal
Computer

High-gain
Amplifier

Microcontroller

with A/D converter

Figure 5. The block diagram for the electronic auscultation system
developed in the study
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R3

+VCC VWY
¢ 549k
! o0l
AN //', 3 {r\ .
AN S~
0 6 ~vout
_ 2 -
PADS < W) ADB20
R < > R2
6 8M ; ; 68M 5
-VCC
Figure 7. The instrumentation amplifier connected with a PADS
Table 2. The specifications of ‘a AD620A
oy AD620A )
Model Conditions . Units
_ in ___ Typ Max
GAIN G=1+(49.4k/Ri;)
Gain Range 1 10,000
Gain Error” Vorr=1 10V
| G=10 B 0.15 0.30 %
Input Offset ‘Vs=T5Vto— 15V 30 125 uV
Input Bias Current 05 2.0 nA
Input Impedance 1012 GQ Il pF
DYNAMIC RESPONSE
G=10 300 kHz
Slew Rate 0.75 1.2 V/us
NOISE
Input Voltage Noise 9 13 nV/Hz""
Output Voltage Noise ) 100 inV/Hz'"
TEMPERATURE .
. -40 to +85 C
RANGE
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5.

®oo o] A= instrumentation amplifierodld 25+ A3 F 450 F5E
A A7) sl Bl E 9 A(butterworth) 118 F R HE] 7 AFRE AT BlE 94 Y
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AE AN Jeby AFate] S Alay 4 Hz olshe] A3z A ol meistd
e g Foeg de9sdch

IvHMillman) A2l & ol &3l HE o A g4& F3td o ot

C=C=0C=20Cy = OJHR
2
H(s)= X
2 2 Aln 1
S + CR_)‘ .S+ Ci Rl R:_,
52
................ (4)
2 2 1
S+CR4S+ C2R3R4

dl 7hel MEgs vE YA BE 9 damping factor di, d»E o) &8st Fld
&t 2o

__dy 2
Rl 2(1)0C Rz— d2 CUQC
_dy 2 e
RB— 2(00C’ R4 dl CUOC (5)
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Figure 8. The butterworth high-pass filter with 15 Hz cutoff frequency
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o 4 2l%o) Eloluiel Wi RAM, Tgaie] 7ted /28 XE T8 U

g5 glo] e 9% B mHHew 4o & Atk

Write to TXREG I fqan ——
BRG outpat Wort 1 >
{shift clock) fmm 55___1 l____J L.___J L
RCBTX/CK (i) oo\ :
o TN sanen < B0 81 < §§ B =L
TXIF bit WORD 1
{Transmit buffer ' cc
req. empty Hag) i D)
WORD 1 —»
TRMT bit
{Transmit shift Transmdt Shift Reg i
™2g empty flag) T e |
2

Figure 9. Timing diagram at the USART asynchronous mode
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7Y 112 PICI6CT3 A& ojdEeE ol g3le] 29 TP hersdt
252 BoZEY o] BEEE A/D HMEL YT ZT2IYL F2 e
7] APEANS Foo HAFEHZ HA F AA2EE Ao FRES 54
o] "A/D ctr bit'S AE T4l JHHPEE T3 WP or o] FojUT
13 B DataBus 8
<=Z=|Program Counter | < >Z
EPROM {;
Program
Memory 8 Level Stack m ——>||PORTA
(13-bit) Registers
Program
Bus ﬁ” 9 ﬁ‘ RAM Addr
||nstructlon reg l
. Indirect
Direct Addr 17, ﬂ gﬁ Addr ~|lportel
7 | FSR reg |¢
STATUS reg
8
>z
3/
) Power-up \_Mmux_/ |=>|portc
v Timer
Igstru;ﬂc;n Oscillator @ U
ecode & <> : ./
Control Start-up Timer ALU
Power-on L,
Reset A8
Timing = Watchdog m
Generation Timer —
Brown-out
Reset
Timer0 Timer1 Timer2 A/D
cCPi ccP2 Synchronous USART
Serial Port

Figure 10. Block diagram of the PIC16C73
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%, A/D &S ARE7] s AFHAM da A ALHor Yy E A
g TS T EulE AR HA AA"AME JIHPEES BAATILL "A/D ctr
hit'S 022 MYAA A/D WHES A23Y. A/D WS FAA7]7] Al e

St?rt

Initialization

&
~

<>

| Yes

Wait for A/D
converter setup

|
Start A/D conversion

&
.

No

A/D conversion
finished ?

| Yes

Transmit data to a computer

Figure 11. Simplified flow chart for the process
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{

o)l % ZZ7)(High-gain amplifier)® LMC660-2 AH&3 vlulx ZX 72 k)
At LMC6602 1 TR %2 4 Jad2E 7HA1 125 dfFo] uf

gol 213 E aRHor FHIY

2) A9 3=

AA 32E FEAIE FHYL 9V HAAAE AL AD6203 LMC660
of (A FFEY) A8 ICLT6E0S AHEate] 9V AgolM -9ve} @A
do WA wEAG AU 99 F FErE £uAFI £ mAR Bn A
2Z7)E BUAUCR TEHE LMIBS ABstel (ndel HEsE wm
WAl Azdel el A g BeS ET

g 125 ICL76602 o83 ()dd 325 vebd

D2
+9y < 1 ” 2 V)
U
6 :1_
'# Ly CAP+ 2 1
e 1O ) . 10 uF
8 CAP-
Ve
3
GND YOuUT 3 2 * ! I‘ C.gv
c2
ICL7660AMTY D1
10 uF
GND D } OGND

Figure 12. Negative voltage converter with a ICL7660
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3) vy 3=
M s 10l5 FE7]dAM 2389 HF ASE ASE B yste vtojagd
25 V ZRAAG o]¥A AEE o] F AT

1

Egelo 9 N5 AHEHAID
= e PICI6CT39) A/D WB7I7H F(+)o) AAwe AW A5 W)Y

wEoll o)A FAHE A A AHEHUT. 2¥ 132 ¥ H2F YE

W e Bed go $8 & At

B R R+RL\_ . Ri
Vout = VI g B

If RI=R2=R3=F{

Vout = V1—V2
— Vl + 25 T L T PRSP (6)
+Qv
R1 :
_ N N 3 T~
Filter Output \é’\g\,M I ;+ ~_ 1 Vout R
| 2 - 2 PIC16CT 3
< R2 >
> LMCB60
i 6 8M =
-9V = o
] -QV
} RS R4
A A J
10k 6 8M

Figure 13. The buffer circuit
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qdd FZ7) HAAM FH9e ASE AT E AMEY £ F Udx Y
Aesl7] flef 29AY H=ES FEAIE FE7olt B AF e LM386

N ZE7E Algsled A9 sz BRaE 299 a9 14
Hel 2%7) 528 e

X
A
il
-
ot
ol
2
s
L
L
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ra

R1 il
INPUT[_ oA
470 k u?
LM386
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5 . |
]
c1 470 uF
47 nF ]
ha SPEAKER
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Figure 14. The power amplifier circuit for a speaker
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1. X S5I|0A &9

1Y 157 PADSOIAM 9] %2 (channel 1)3} instrumentation amplifierell 4 2] %

2 olFof Hov ZAHNAA:E 19 39 M HAAA s 29 150 E &

#l(channel 2)& wlalstel Yepd Aok, A 28419 172 G4 diye

—

T U X%o] PADSHIA el &8 YElYE FEo] dEE AALYL S & 5+
th. PADS9 3o Yeiyes IS FAN3d #ggos CMRRe] uf$-
% & instrumentation amplifierdl A &#A oz AAHA LSS 4 4 Yuh.
Tek SGINB 500 S/s 13 Acqgs
;e

.....

Chi 26.3mv MBS 600my - M100ms ChT— 7§ 32V

Figure 15. The output signal of the PADS(upper signal) and
the instrumentation amplifier(bottom signal)
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218 16< instrumentation amplifier® 34 Ueldd a2PdME & =
Fol 29 Aoole AHAHA ASE A5 oo FFol HFe AT A
37} Ao drt o] HF 3 A Z = PADS7E S&o] ofd 9B gFdo NS

Aot 542 20 ol BF % N AAN ool HZ G| B

2

24 2o o wAEE Heolt o] AEE BT i Ygor A

of slizdl ol Aeld nYEH N7t WYL ¢ F Atk

Tek SITYIB 200 S/s 8 Acgs

| -
d

1Ch | BT — M250ms Ch1 7 T0mv

Figure 16. The PCG signal captured by an instrumentation amplifier
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Figure 17. Frequency response of high-pass filters using the Pspice
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Figure 20. Actual photograph of the electronic auscultation system
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