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Research Title: A Digital Stethoscope for Recording and Analyzing the Heart Sound

Researcher: Mr. Thurdsak Leauhatong

Faculty: Engineering Department: Electronics

ABSTRACT

This research project is to design and develop a digital stethoscope for recording and analyzing

the heart sound. The stethoscope consists of a condenser microphone which is attached to a

Keywords : Digital Stethoscope, Audio Filter, Raspberry pi, Valvular Heart Disease
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Chip Broadcom BCM2835 SoC
Core architecture ARMI1

CPU 700 MHz Low Power ARM1176JZFS core
Dual Core VideoCore IV
Open GL ES 2.0, hardware-accelerated OpenVG, 1080p30 H.264 high-profile

GPU decode
Capable of 1Gpixel/s, 1.5Gtexel's or 24GFLOPs with texture filteringand DMA
infrastructure

Memory 512MB SDRAM

Operating System

Boots from Micro SD card. runninga version of the Linux operating system

Supports Debian GNU/Linux. Fedora. Arch Linux. RISC OS and More

Power

Micro USB socketSV.2A

Ethernet

10/100 BaseT Ethernet socket

Video Output

HDMI (rev13 & 1.4)

Composite RCA (PAL and NTSC)

Audio Output

3.5mm jack. HDMI

USB

4 x USB2.0 Ports with up to 1.2A output

GPIO Interface

40-pin 2.54 mm (100 mil) expansion header: 2x20 strip
Providing 27 GPIO pins as well as +3.3 V, +5 V and GND supply lines

Camera Interface

15-pin MIPI Camera Serial Interface (CSI-2)

JTAG

Not populated

Display Interface

Display Serial Interface (DSI) 15 way flat flex cable connector
with two data lanes and a clock lane

Memory Card Slot

SDIO
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MNA 2.12 gilavessiawes e




i ”L 65 |
e L

Raspberry Pi Model B+ V1.2
(@©Raspberry Pi 2014

M 2.13 315 9anYUL VI AT NG TUga B+

Raspberry Pi B+ J8 Header

Pin# NAME NAME Pin#
o1 3.3v DC Power o Ne DC Power 5v 02
03 GPIO02 (SDAT , 120C) o) e DC Power 5v 04
05 GPIOO3 (SCL1 ., 120) o) e Ground 06
o7 GPIO04 (GRPIO_GCLK) () @ (TXD0) GPIO14 08
09 Ground L) @ (RXD0) GPIO15 10
11 GPIO17 (GPIO_GENO) 9 (GPIO_GEN1) GPIO18 12
13 GPIO27 (GFPIO GENZ2) o) e Ground 14
15 GPIO22 (GPIO_GEN3) 9 & (GPIO_GEN4) GPIO23 16
17 3.3v DC Power o Ne (GPIO _GENS) GPIO24 18
79 GPIO10 (SPI_MOSI) o o Ground 20
21 GPIO09 (SPI_MISO) ) O (GPIO_GENG6) GPIO25 22
23 GPIO11 (SPI_CLK) @) (® (SPI_CEO0_N) GPIOO0S8 24
25 Ground [y (O (SPI_CE1_N) GPIOOT7 26
27 ID_SD (I2C ID EEPROM) [MOY(O)| (12C ID EEPROM) ID_SC 28
29 GPIO05 ) € Ground 30
31 GPIO06 o Ne GPIO12 32
33 GPIO13 ol e Ground 34
35 GPIO19 o Ne GPIO16 36
37 GPlO26 C (O GPIO20 38
39 Ground ) O GPIO21 40

Rev. 1.1

1610712014 http://www.element14.com
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=i untitled
[ untitled.pro
- Headers

= Fi“ Sources

. cw mainwindow.cpp
i 10 return a.exec();
E]Ea Forms. . . n o}

o [ mamwmdow.ml

#include -Application=
#include "mavrwindow. h"

= %nt main(int arge, char *arqu(])

QAppLication alarge, argv);
Narnindow w;

1
2
3
4
5
6
7
8 w.show();
9

Ihome/pi/unt}fledl#ZForms|
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1. Eclipse Development Tools and Java Development Kit (JDK)

2. ADT (Android Development Tools Plugin for eclipse)



3. Android SDK

4. Android Virtual Device Manager (Emulator)
5. Java Language

6. Android Phone

¢ N T ilers G 01:27

ﬁ HSProject REGISTER  BLUETOOTH  PLOTGRAPH

HEART SOUND
MONITOR

MW 2.20 Megraennamduuuszuulfiansueuasosa

21



UNN 3

35mseanuuy

22

a wua o < @ J { o y o
Tumsdfiaaulddisaldawiaglszasd meluszeznandmuaiuiuiudesing

A Y = g a oA A 9
3']\‘ILLWL!Iﬂi\‘1\‘1'l1!LW@1ﬂﬂi1ﬂﬂ\1llu3ﬂ1ﬂlla$ﬂluﬁﬂuiuﬂWiﬂgUﬁﬁuﬂgﬂﬂ@ﬂ TR GERERLY

[ U = I % o A [ A v o = o 9
ﬂﬂﬂanﬁ’ﬁﬂimﬂlﬂulﬂ‘L!LLW‘L!FNﬂTﬁﬂ%uu\‘ﬂuﬂluﬂTﬁVHIﬂi\NW‘HLﬂi@Q’Jﬂﬁ’ﬂ]uﬂlﬂmlﬁﬂﬂﬁﬁalﬂhlﬂ

aauaaalumn

Raspberry Pi

\

(

\_

Electronic
Stethoscope

Device

~N

J

J

\_

\

Smart Phone

J

a A ' @ Y Y o
MNN 3.1 ﬂ’lil%ﬂuﬁﬂmﬂﬂq’ﬂﬂimﬁ’mqL"U’W’]'Jf_lﬂu



23

3.1 MIANIUUAZDONUVLINDT

Block Diagram 193033adaya104d891219 (HEART SOUND MONITOR)

[ Stethoscope ]

1.4

[ Condenser Microphone ]

\

[ Pre amplifier ]

¥

[ Low Pass Filter Sallen Key ]

v

[ High Pass Filter Sallen Key ]

v

[ Power amplifier ]

\d ¥

[ Head Phone ] [ PIC 18F26K80 ]

v ¥

[ Raspberry Pi ] [ Smart Phone ]

d’ o U o .
MAUN 3.2 AUMINNUV91ATINY (Block diagram)
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] Y
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> Y 19 o = °
poluowil daswensvesssgnauaualsInsaieiloundy Re way R7 Fenunsofmuim

Yo A o= ao vy PR '
Taas aunan 1 FaluTasemsdsett ldeenuuu 13N 3 19

LM3358
ulB

> 7 VPA

MK

|: C3 10uF
Mic2 5}?\(’—
RS .: < R7
1k ¢ ¢ 10k
GND

Ml 3.3 WsvenedagIunAnT

3.1.2 2999 Low Pass filter

U3A
LM358

M 3.4 WITLUY Butterworth Low Pass filter



25

19951111 Butterworth Low Pass filter 19 11M30599AMUDMHIYL 2 101TDAIUID
Idameanmslu aumsi 2 Tagld R17,R18,C12,C13,R15,R16,C11 1Az C14 FIANDFIAA

pon lagnoenuuu’ldn 15 kHz

3.1.3 2399 high Pass filter
299511 Butterworth high Pass filter 19 1umsnsosdynnaunnudgs mudaisn
fudalaay aumsn 2 Taeld R20,R23,C16,C17,R21,R1622,C18 1Az C19 H1ANNDMAR

oo lagnoenuun1in 6.9 He

Cl6

ma |

lu

VHP

WA 3.5 199511UV Butterworth high Pass filter

3.1.4 299 5UeN8INAY (Power amplifier)
2995U8MAS (Power amplifier) Lagianua 1o lUNTNONTLUAN VMR
] < o {ia a J o ' [ =
ganimavsverena l 190y Tnaanduiuaudgdogiausuyia Taol

M 519818(Gain)N 100 1911
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VCCI1
Cl
+{
I\
VHP = 10u i [
U2A - Headphones|
TDA2822M (4 GND L
R7 1 += { '| R
10K & 8 %
e 10ut _"E_().lu e
Header 3
k11
$330
— — — Rl GND
GND GND GND e
GND

NN 3.6 21993VIIMEIY (Power amplifier)

d
3.1.5 lulasmeulnsatae’ (Microcontroller)
A s ° Y] ]
iosnn lulnsneuInsawes awnsnshnuldvainale wazawnsods aauqu
o Y 2o ° A Y} A L
M3 ld wennniidadl Tnuan s uauAEIAee Av ADC (Analog to Digital Converter)
U o ] I I ] ana
daumaiudyaaewnenuasliiludyn1u@iaea 1agUART (Universal Asynchronous
Receiver Transmitter) ﬁwwﬁﬁﬁgudq%ayauuuaz@qTﬂ?ﬁﬁﬁww%uuwﬁigwuﬂwigudq%bya
= Y A 9 = 9 .
uuy RS-232 3¢1diden1d aszqa PIC 18F26K80 @41l52nou@18 ADC 12 bits 118 UART 2
] o D] A Y Y o Y <3 )

WOIATANDIHIZAUMI 1Y 1HDI91INABINS IHTNUTVAIINIIITDUIADNIAS T9TDYD

T seueiwelasaswazdaveyalasldlugavgnailudasldiuInsdwiindoun
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3.1.5.1 anwazvadlulnsnouInsaaas (PIC 18F26K80)
Y Y 1
PIC 18F26K80 Hiianua 28 11 19 1Wides 3.3 V inesams@ouanuuouasn

I an a ~ 4 1 14 4
Wuavnea 12 UALAZHWDIANTAILVUYDITN 2 NOTH

2

=

WCLRRES[
RADCREF/ANOULPWU [

1 [ R7PGOT3GRX2DT2KE

2 27 [ RBGPGCTXACKIKER

RaIANI[] 3 26 [ | RBSITOCKIT3CKICCP3KB

RAZVeer-/AN2 [ 4 25 [ RB4IANSIC2INAECCPIIPIACTPLSKBID

RAGVRer+ANG [ | 5 24[ | RBAICANRKIC20UTPIDICTED2INT3
6
7
8
9

VoocoreNe [ [ RB2/CANTXICIOUTPICICTED1/NT2

23
PIC18F2XK80 5, : RB1/ANS/C1INBIP1B/CTDIN/NT1
PIC18LF2XK80 21 : RBOAN10/CINAFLTO/INTO
OSCHCLKNRAT ] 20[]voo
0sc2/cLkouTiRAs [ |10 19 [ vss

RCO/SOSCO/SCLKI I: 1 18 :l RC7ICANRX/RX1/DT1/CCP4

RASANAC2INBIHLYDINTTICKUSSICTIUI |
vss[]

retisosci[J12 17 [JRCSICANTXTX/CK1/CCP3
reamiaicce2 |13 16 ] Reiso
ReaReroiscusck [|14 15| Re4sowsol

). ).

MW 3.7 ). 313190049 PIC 18F26K80 ¥). N31INUVDIVIAIS

4 d o d
3.1.5.2 MstyeunevesnouInsamesnuglnsainie
I'4 @ 1 < o 1 H 1 1
aouInsamasvzsumomaonnniasaan Iaa Induaz wan laaannlal
[ { 1 { J 1 %’, 1
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UART

» 3v3 5v0
ADC Input ] 1 28 []
= =] 2 27 [] SDAO GND
Os 26 | scLo 9 ™D
Oa 25[] a
[s 24 ] #4 O  rx0
e 23] a
7 PIC18F2XKe0 5 [ #7 D>—‘ 8
Os& PicisLF2xkso 21[] #21 = #23
e 20 [ .
i o -
[mEE 185 2
MOSI #25
012 17 [3 c"t:‘5
s 18] MISO CEO
14 15
E ] SCLK CE1

Bluetooth

[

d' A 1 4 EaRl
NINN 3.8 miwamammﬂaﬂmmam UQﬂﬂimﬁNG]
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3.1.5.3 unuiamseanuuutazdenlsunsy (Flow Chart)

Start

Uszaanan1 ADC

Pic 18F26K80 & Pic 18F26K80 &
LG 1U{1 Raspberry LHG U1 Smart

End
2 o -
MNN 3.9 URUAINITORNUUULaZeU 11 TInTY
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e vz awuuUARTHA:  deuande iivsziludsyansuannneiasnaoniludinea

U U

TaoTugail#iluTuga HC-05 mydstoyailunsdauuy Serial port

3.2 Raspberry Pi
~ ° Iq Y o Y as a o
enueIwy anseulszgndlylumsilasanunasiannseling uazns
@ouTdsunsy  iesnnnawesmelizvulfiamsuazamnso@euTsunsy  Tagld
3 )
Tlsunsy Qt FatlumseonTasldniun c++

3.2.1 nﬂw"ﬂﬂgwa%%ummwaﬁuaﬂﬂmmu (GUD)
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