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Intel’s 3D Transistor: Faster, Cooler, Smaller
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Using Phase Comparator |

Using Phase Comparator Il

VCO Without Offset VCO With Offset
R2 =

VCO Without Offset

VCO With Offset
R2 =

VCO Frequency

Max [

fmax —i
fa 29
i [ -+

vpp/Z  Vpp
VCO INFUT VOLTAGE

vgp/? Vpp
VO INPUT VOLTAGE

max

i

Vppi?
VOO INPUT VOLTAGE

Vop

Vppi2
VCO INPUT VOLTAGE

Voo

For No Signal Input

VCO in PLL system will adjust
to center frequency, f,

VCO in PLL system will adjust to
lowest operating frequency, fin

Frequency Lock

2 f = full VCO frequency range

02
T1=R2 €2

Loop Filter Component
Selection

For 2 fc, see Ref.

Range, 2 f, 2L =fmax — fmin
Frequency Capture a3 ; 1 e
Range, 2 fo oWy I oou YL T

¢ T 71

fo=f

Phase Angle Between
Single and Comparator

90° at center frequency (f,), approximating
0° and 180° at ends of lock range (2 f,)

Always 0° in lock

Rejection
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of Center Frequency
Signal Input Noise High Low
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void sendrc5(unsigned char tog, unsigned char add,
unsigned char com){

dec to bin(add,1); // 1= insert to bin_add

dec to bin(com,2); // 2= insert to bin_com

#asm("sei")

modul _1(); //chek bit

modul _1(); //chek bit

if(tog==0) modul_0(); //toggle bit=0 //110 xxxxx
xxXxxxx total 14bit

else if(tog==1) modul_1(); //toggle bit=1 //111
XXXXX XXXxXX total 14bit

address();

command();

#asm("cli")

IRoutput=0;

delay ms(30);

}

A J
g 0 L2l @b opl o &8 Sllee
3909 Olgie 4 1)) 9 add ,luie dec_to_bin(add,1) &b

2L gh oo 03l 1B uate cpl 09,5 s Rb 4 Joas Sl e
3,5 Jalgs Joe & g0 et 4 50 dec_to bin(com,2)
Jlad (5 sl poo 4By (5l 4 sginws 357 5 ool 887 s Sl oy
toggle s s 5 395 (o Jluyl Vs ¥ lawl OT Sl o 5 00
D9 (o

&b laie 5 0ad Slesl,6 command g address @b oy
S gl ddg 2 S )59 09h (oo Agan Heiwd 9 wyal ead
JF@MoMﬁLEDM&Muagf Gl goad Jld e
[ void dec_to bin(unsigned char a, unsigned char )

op){
unsigned char b,c,i=7;
while(i<255){ //from 7 to 0 ==> Decrement from|
0 ==255
b=a/2;
c=a%?2;
if(op==1) bin_add[i]=c; //select variable ad-

dres
else if (op==2) bin_com[i]=c; //select variable
command
a=b;
if(a==1) { //if lasted Division=1
i--;
if(op==1) bin_add[i]=1;
else if (op==2) bin_com|[i]=1;
a=0;

A\ } J
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command y address &G

~

f void address(){
for(i=3; i<8; i++){
if(bin_add[i]==0) modul_0();
else if (bin_add[i]==1) modul 1();
}

}

A\ J

S johilea oS o Ao 1) jgiwd IS 5 Lol oS &b 9> ol
oozl b Ll 53 Lo g 4l o o O 59l T I il o0
6l e Jols a5 Loyl al,T s 39290 sla e fOr ail>
yGY élm@ﬁ)wsels)_sg.m;f@dgub.\&bdv G
95 o0 Wyte il oo a5 Julis oS
il 4
#define IRoutput PORTD.0
325 (o0 JEsl osiiw 3 LED @ 1) oad algss zge a5 (29,5 o
o 79,5 Olyie - D o b oS0 &5 il (o0 s JiB
ol Main mb )5 a8 398 azes aiue (pl 4 b rices il
gl 5 (79,5 Olgis 4 S
256 @b Slez1s 5l o 55 ooge 4w hsendreo i
s9b Slesl )8
#include <mega8.h>
#include <delay.h>

#include <Header/sendrc5.h>

Headerpl 4 sl ais )5 hisendreo L o35 cnl s> &5

oo 4 (BB a5 el ieke) )l )8 059 5 ol s o
(59 2 ool oo

P B L RCEE RPN
TCCRO=0x01;
TCNTO=T;
TIMSK=0x01;
Mo b ol 035)led 5 00d sl o SN ans b yasls
7B o) Ay Cap omied 9b (0 GIISLL T uaie adsl
g oo Jlas
Wgko plon 5 el Jlia ysb 4 colgs (o 4l 3 cales 55 9
g 50 Jlwyl g

while(1){
sendrc5(0,5,7); //toggle, address, command
delay ms(500);

}

V giws 35 90 sl 35 g toggle=0 o ask Lo 0+ o
e b

dec_to_bin(unsigned char a, unsigned char op) &b
bl (o0 Ol b Uolee 4 Jlogws sae Jas 20U opl sk
L s o b oslgon 45 0T oslodl 5 ¥ v 56 s 31 o3lisul L
A s plosil Jola sl plosl 1 Joe ol Olgs o0 28l o
aal> Gl eslanl b s (cuw cuda = <ol ) 2il (0 dd> 0
o 5l =7 paaiia Lzl 3 ol o3ls plasl 1, 0T b i while
["{ ol Slhasly K dal> 30 Olhgiws szl )b 8 55 9 590
oolizl 1,7 5l e Ky bl gl i 515 lake 5l 355
by 5,8 51 al,T 0g)s Ab)ﬁ)m)swasoxh.:élgbom
&S > o 5 0dd |2l am a5 ail e cde ool 4 YOOI
Slawl codle 09l jurie 092) w p plesl 4 dal> ol - =i
Sl (sl O 5 (sd Jalys YOO b w05 - 5l aoly K
o sl azil ¥ L) laie wilys e 45 aibs sll,T e
25 51 Jste Sloais plosil 31 s aSal sl b o dil> 5T
S sle e g 5,8 L3 AbT Lo Kl M) ply cd
@ VA sae sl e fadge AL 5 pbyy Slp) Ngl Lo

(A5 s ¥y (G D90

o yoaG 4y a6
4 1\
interrupt [TIMO_OVF] void timer0_ovf
isr(void){
if(g==1) IRoutput=~IRoutput; //F=35.7 Khz
else IRoutput=1;
TCNTO=T;
ct+:

//Delay for 14us

} b

A\ J

po Sl 385 slast 9 KLl F ol G b Lk b ol o
oo 2S5 355) 59 4l 5 S YA S J5 b S sloml S
CTLION] I VR SORES FRvEIN (EW Ay Y- R Ve VY V| P ] I LYW
08 S b S (0 g ) abgy e o 9 290 (0 2l 2
oly K C i 4 uixed 9 e A (5558 LS VOVNY
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5 S gl 5,Ken ARG 4l 39 25 el LT 4l 03,5
] 00 03l

modul_1 y modul_0 ~t

4 N\

void modul 0(){ //send logic 0 whit modulation
g=1; c=0;
TCNTO=T;
Label 01: if(c<=64) goto Label 01;
c=g=0;
Label 02: if(c<=64) goto Label 02;

}
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il 4 by a5 Slhsiws JS s, Cad Jlea 0
pb 4 Gl jaa bbb Kool il e 05,8 1 oledbl
0 ol 4l 5 bl opl Slgsl8 b a8 plaziy getreS.h
A8 ooliwl O @b 5l asles

2 b5 getre5(); b

ol laskiss
//Global variabl
unsigned char add,com; //Address , Command
#define IRinput PIND.O

#define IRled PORTD.1
Sloads iy 25 (5 jolpw g0 4 45" add | com sla e
IRinput o bl (o g 35 9 003 35 05,8 6 35 sl
o IRled (o a5 9 il (0 005,58 5l Sledbl ouilys sl
g gy oledbl bl @ige o b (,,.:.5 s Jwo9 LED
oslawl gale S )3 Y Ll awgs 385 b sll sl s (’:’l:' ol
Jlade Logitue 457 2L (o0 53909yl G )ls @bl o
5,8 o )Ls el TCNTY o5yl s o

~

void delay(unsigned char t){

TIMSK=0x0;

ASSR=0x00;

TCCR2=0x05;

TCNT2=t; //255-74=181 4.752ms //255-27=228
4.752ms

OCR2=0x00;

while(!(TIFR & 0x40));

TCCR2=0;

TIFR|=0x40;

b

getre3(); &b vs,d
startl G 2 ) 9 dgd (0 (S 0,5y la o= é:lS sl s
s gl sl 0ol b plas g oas Jao ol la e
SHAI2 sz 4 25k o b )3 457 (55500 )3 9 39058 (5

void getrc5(){

unsigned char in,1;

DDRD.0=0; //Input pin for reciver
PORTD.0=1;

DDRD.1=1; //Output pin for led reciver
PORTD.1=0;

startl:
add=com=0;
IRled=0;
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if (IRinput==0) goto start2; //wait for frist low
pulse
goto startl;

start2:

IRled=1;

delay(215); //255-40=215 1.296ms

for(i=0; i<=6; i++){ //read frest 7bits Address
in=IRinput;
add<<=1;
add|=in;
delay(201); //255-54=201 1.728ms

}
add=add&0b00011111; //Cut off CHECK Bit

for(i=0; 1<=5; i++){ //read next 6bits Command
in=IRinput;

com<<=];

com|=in;

delay(201); //255-54=201 1.728ms

H

if(com > 63) goto startl; //Error in while Read
DATA

IRled=0;

delay ms(30); //wait for Next signal

}
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5l o6 0lys oo 0T 20 3l eslital b 45 ol s 030zl NO6
3 e 5l L Clagu gz uizen 35 5L g bl ) la by
sls plsl 1, ol 02 o3lazwl AT9O1SAMT7X256
s 55 sl 00 05zl Keil LUl 51 s 45l sl
: FlashFS sla S 39 slp FS_ARM_L a«buls MDK-Professional axwgs
File IO wllee (sl ANSI C 5)lwbil loslizale 5 ROM Flash swle 5 )luslial s3lo 0,055 byl b bl
sl o) 9 NOR g NAND il sla abibl> 5l lasy o oslizul b a5 5,15 5459 SD/MMC/SDHC abiil> sla o)l
SD/MMC/SDHC la bl o5 5 0xles w33 obul b Sllee Olgs oo 0T 5l

e N

Standard C File /O Functions
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NAND & NOR
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Flash File System
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typedef struct { // Search info record
S8 name[256]; // Name

U32 size; // File size in bytes
U16 fileID; // System Identification
U8 attrib; // Attributes

RL TIME time;  // Create/Modify Time
FINFO:; {

Ao 1L L sl 9 48T (0 ez ) L o)leis flleID i
axly S urie opl Adgy b (BB G 008 1o UL L b oogd
PlIST b 45 WS o adiie (San iy 3 9 b 8 Ll
6l caslin ki Ol syl ond plol giacr

pd S S8 55 gz Sl Ol g gt

A g9

Jw|w6%ufu56|xﬁdm>.

Pattern

7" L‘ "

"*abc" 3l oo g9, abe b as Llbb oot
"htm.*" 35l oas ples htm b a5 SLLL (seoin
"abc*.text" 45 £95B0C L GLLG p2in

Ll ool plos text

int frename (const char *oldname, const char *new-
name)

Gk b 4 sgi e wslizul LB K pb uis sl @b ol
)5 newname ,ul)b ,3 23> el g oldname L)l s

2,85 (o

NULL

"F:" or "FO:"

"S:" or "S0:"

"R:" or "RO:"

"M:" or "MO:"
"M1:"

"U:" or "U0:"
"U1l:"

"N:" or "NO:"

FAT32 9 FAT16.FAT12 sla cw )b L 6500 o

Sldas )3 Wb ey 4 Odw) Gl -6 Sl eslaiwl o
b 9 Oly>

JWWB@&QOBM@MQO

BEar iy 0L abols ol Sl esliel gl S
35" caums |, RL-ARM

oslizwl FlashFS alsols™ suw <o sl File_Config L,
Sogo o 1T Ol o S Wizard 1 eslasel b a5 595 e
9)5 9 oolatwl 3,50 sl abksl> LG ool ,5 50 r:l.:;.‘;l Sl S
Ligd oo i K00 S Sz g 028 Gl

s ly (B

int finit (const char *drive)
ol Alislo 39 o 0slizl b abisls alsl 51l ol sl s ol
o e drive el buwgs mols | ol sl ol suab as”
)3 48 o iy 9l)s e J3 NULL I, el cpl ST 590
EUEPWGCI KPP IT-51 K¢ Y SR PR W) [""’b‘; S o b
bl 390 Jls31 b L b ol @lss i 5l solizal 31 3
Sl osel Y oplads Jgaz ,5 aglys

int find (const char spattern, FINFO s¢info)
s b gl ool d o 0slizal b symir sl @b ol
rol:;ﬂ ) g2z Jos 39 (o0 s pattern ol ,5 a5 (s il
B3 oo ,,81nfo Jlsle s ) gomis s 9 0ol
: Gl 00 s 25 55 e FINFO s L

drive Initialized Drives

Default System drive
All enabled drives

Flash drive

SPI Flash drive

RAM drive

Memory Card drive 0
Memory Card drive 1
USB Flash drive O
USB Flash drive 1
NAND Flash drive

LQ}{').) L;ol.wl 2\ B)LQJ:J dj.).>
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bl a9 (o0 oolial b ol Sl pals <ol sz oles sl
o ookl as sales o33 0T ,5 Sledbl a5 (50 4, buffer
9 Ak e ya olal 4y s 5 4 count g size sla el 5 8
S e aden |y A5 salys onilgs a8 e soly slaws

int fputc (int ¢, FILE *stream)
SS90 (oo ealiwl h )5 ol O g sl @b cnl Sl
A5 ygu0 > S (oo Gatuine C Lial)l s sgd aldies L aS
01 g I wl ol 39 plonl caws b idgs Slibee
a5 oo <856 L EOF Hluie & jgo opl s 5o 9

U32 fwrite (const void *buffer, U32 size, U32

count, FILE *stream)

o ookl (Bl Lo lajurie S AT K prig sl mb el

S ojlul 4 size Sl ks 5,90 alyT & buffer el ,b.sgs
A8 oo o)lal LT slaws 4 count g a7 guac

int fclose ( FILE *stream )
025 5L fopen b by N 45 Ll g sl &b ol
Sguinn 03wl o

int fdelete (const char *filename)
filename il 45 598 oo oslatul Jolb G Bi> sl 2 ol

FILE *fopen (const char *filename, const char
*mode)
filename jual,l 558 (oo oslatnl 6 G 05,5 5k sl @b ol
A o 0Ll o6 & (g yians £33 4, mOde sl 5 L6 gl 4,
iy W'l oT grie @le o T LI 1 L6 oxsles sl
S ol (3 Slsims plas dg sl Ll 02 5L Ll onds
b "a" s L b asl sl s ledbl ST s e
I3 @b iS5 Jlade s ead 5L (BB oS 5L e @l
2,8 (o

int fgetc (FILE *stream)

g (o0 oliul &b epl 51 BB G ol 4 cul vlgs sl

plos a5 900 )3 08T (o8 pasion |y 0o 5L L stream el
sl aalys uif 50 EOF ab (sl 159 oxilss L6 sl by

U32 fread ( void *buffer, U32 size, U32 count, FILE
*stream);

:)lJ.A \_iAJ:LQ-A;J
vee
4
_ RS e
o8858‘£3§§|§§ EF
L X- O XRND = NN T N0 0ND
Sm == SAaAadaSSSA N96LCD Module
vce
S —alen <t n
Qo
00
oo
o]
oo
o))
(o ]o]
00
00
oo
oy
<| <
-1 -
AT91SAM7X256 Header Board 2 %
gl2
*
— o
———— Din
———— GND
——— vcc —vc(
——— (LK
———— GND
SD CARD =
GND
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AT91SAMT7S256 Header Board
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553 51558 o Jlasl 5,0 5 50 5l Lad e Wb s 0090 Ay, SO e a5 g 039 s ) 35905 0 595 0 38,5 L8 0Kl
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ol a3l Ligo 55 1) 9,500 USB Ugila b bl 55,50 03,5 0l 590 cgr SAMBA bl + 5,Ke 5L 3,90 5y sl

ATIISAMTS256 g 589,50 5510l ol capz Lo J8los 32
oled i 4 (29,5 o909 b b el (295 slls %
3,5, 65))’.-))‘.[0'&55‘“"‘“.-‘““50&" 3%

s 0 9 VY slasllg SIS shls s

@35 Juog 9 @b s sl

JTAG sUSB sla )95 03,5 Jled e 9 Jlad 0Kl 32
SAM-BA ,al 59,5 5l eslazwl 0Kl 5

JTAG &9 sl

Gy Al (sl)ls 52

zS9w ouo Sl esliel L ERASE 3 JTAGSELT [TST sla asly J 8™ olal 5
o9 BB ole VY sl sk
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X o = LIKADINDG soe 2

\

Ve

int x1=10,y1=10;
intx 1=3)y 1=3;
| task void task1(void)
{
while(1){
tftlcd draw_circle(x1,y1,10,1, WHITE);
x1+=x_1;
if(x1>234 || x1<5) x_1*=-1;
yl+=y_IL;
if(yl>314 || y1<5) y_1*=-1;
tftlcd draw_circle(x1,y1,10,1,RED);
fps++;
os_tsk pass();

}

R
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N J
X\W;'),&@Me?X\WbX)WQLM

“ WY wWewee wowww

RTX Jale g sla cakl6 31 adlys o 039, 00l 5
o] (,Mf o5l LCD NO6 59, » criuessl Giales sl
S, 48 5gr dalys LCD (69, Ky 095 F oS > 0ai sl
S £l aal L al salys Ju8 Sus S ey b o
C 3l 6% S 0 b s U a8l o i ol
Slusles 45 bgy o poxty S ol salys Gloles 9 <8 > ) la
95 S1o ail o o2 69, il g sgee Sl S5l sl oY
2,8 dalgs pose L ol o8 o gz A8 5555 0 00 b ogs
w9 39 sbul task_intel ol b ooy Kus a5 g0 o
task_fps Kus 5,8 sialys o8 > (Kb Slawlxs 09 L
w9 dlaas S .s)bo.x\o,c);buli)oh[w)éﬂmuiul@wg
S5 6 ,S sl ).le.LxJW).).)Qmle,vlb)l.blbLﬁ

Al sl esls ioles asl

g5 S (R 4 by e S
9395y 9X Slaises xils a5 Gl urie 93 b Og5 51 K 0
Glajga )3 S o ey 9 Cux SIS Gl K purie 9o
o,Lol RTX Jule i grdgs )3 &5 (sophilea .3)l5y 5 X
255,58 )18 ol dal> U3l o b b Ks olgrws s
) o G Olaike )3 dbw o ply S lanl Sus ¢l 2l ja
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Al g 9 @8 (o0 ol 6l 4l K sla 3 os_itv_wait
WSSJ o b dlead ooly Gioles b g5 a8 Sleds slass gl

R (0 owles la g5 slaws 5

AutoCAD Electrical 2011

Sl s ol (b s cole @l pols ©)ga AutoCAD Electrical i3l o 5
AutoCAD L I3l 5 « AutoCAD oslgls 5)1580 p 5 ¥guame Ko aiile sl 0ad azsl
ol 9 ol slp Gads Dledbl Lo (2b 5 J,i8 sl o]l s5lee @b, <ol Electrical

" aetl o ol Sl olgen (Ko, J a8 Sllas >b 13l e 5 o3 ki) Electrical
il @ gla Abuls” bl (S5 Ol s sbul 5 ogde 158 p 5 (2011 ass &5 e Ol 0

5 ML,.:A UR D ) 32bit LSLQ )99 Gl).g DVD 93 v_,JB PR )l).9| rﬂ).o U‘-’-I
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Etap Power Station 7.0.0

Gl a8 & 05 Gloetow LT 5 Judow cga dies 25 158 £y Etap PowerStation |33l s
s> a3d L & Sliagens Sl s 9 Slasiie Gl 6l wlie (Library ) esls dlsels
S Sile 3)lg0 51 (pdry 53 9 0203 3 s TEC 5)laslinl b glhae )l330e 5 cnl ccanl (S 58I
Slallas ples 1580 5 ¢l a8 b il 03905 03lizwl IEEE 80 asle 56 5K slas jlasbnl 1 ¢yae
Eu..x calox 5l g9 0 OF plsl APTRP540 s)lasbial polul 0 a8 ot
S90S slaygige silalely bl gy (Bl Slad), o SKalea olgs
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http://eshop.eca.ir/link/607.php : JuuS Sloensgs

www.ECA.ir

Slazsee 51 a5 598 (o s OF 5l 2 5,8 salys oS >
Ubylw&:ﬁXCijMonagméLmdﬂJ)ng

295 2 ) LCD Gioles amis o393 5l 095 (s &8 > o
25 015l Guy 9 290 (o0 plsl Y jite sl K00 Lk ) (e

Deh (0 ) A Slhaiske o
Sl priia nl 51l (o Gl Aoty S PS s lake Guges
seiwd by O 5l day 39 oo oolizul la L slaws ool
plos s a4 35 (0 031> eI Jale pians 4 os_tsk_pass

REOW W

| task void task intel(void)

{
static int x_,y ;
while(1){

if (x1+20>x2 && x1-
20<x2))&&((y1+20>y2 && y1-20<y2))) {
x =x 1,y =y 1;
x 1=x2,y 1=y 2;
X2=x ,y2=y;

os_tsk pass();
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Task 1 Executing
Task 2 Executing

Task 3 Executing

All available tasks appear to be executing ...
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SAMT.S T &bl aowsl o6 i F
IMPORT 't SWI_Handler B SWI_Handler x5,
SWI_Handler

#include <rtlh> asb ,, Lol oy9w & RTLH J6 Gl 0

o oAl K 093 w391 35 pladl s Vi Joln 51
D gad

Cawl 0ai adlol 039, 4 a5 RTX Conf SAM7X.c LG
OT 03,5 5L L olg (oo 5 2k 0 RTX a0 Ko 40 b0
ons ol 4 1T Galise sla Gise olabis Wizard by
(0 o leds uKe) .35

4 N\

#include <AT91SAM7X256.h>
#include <rtl.h>

| task void task1(void);
| task void task2(void);

int main()
{
os_sys_init(taskl);
while(1){}
return 0;

{
| task void task1(void)

{
os_tsk create(task2, 1);
while(1){ //Process of Taskl };

§
| task void task1(void)

{
while(1){ //Process of Task2 };

}
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MDK_ARM ls auis ,5 5,5 b cue 0Kl e

S5 Sl 2l Sl Slaxdy o

USB , FlashFS. TCPnet. CAN sla asbols” 5l sluzis o

A Cortex-M (5 sl gummwg 9 Soe &Sl 4 4z b
Jole o Sl i Glusdy sl GOl o w4
ARM7/ARMY s 5w sl RTX 5l Cilisee 0,9 95 diied
A9 K 5l o sla Lise s )l 3959 Cortex-M o

ol 00 o3lizwl AT91ISAMT7X256

: Keil ;5 RTX b o590 opdsl sl
o 5| 202z 035 bl )
Project -> New uVision Project ...
Caans 5 Jale s (5 Y
Project -> Option for Target -> Target ->

Operation System (F o)l ke )
0391 4 O

i SAMTX 6 s Sl 350,50 o6 unnnn
...Keil/ARM/Startup/Atmel/ RTX Conf SAM7X.c

Options for Target Target 1'
ptions for Target Targ p

(S

Atmel AT91SAMTX256
¥al (MHz): |18.432

Operating system: |[ZIES =0 -

Device larget IOLrtertI Ustingl |ser I I:-"CHI Asm I Unkerl Debugl Util'rtiesl

—Code Generation
| ARM-Mode Ea
[™ Use Cross-Module Optimization
[T Use MicroLIE [T Big Endian

[™ Use Link-Time Code Generation
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froject LA main.c RTX_Conf_SAMTX.c + X\
== Targetl
E‘a Source Group 1 BExpand Al I Collapse Al Help
Option | Value
RTX_Conf_SAMTX.4 - Task Cenfiguration
L; iz - Number of concurrent running tasks hagen Cigpeads |al JUE cla LSl st
- Number of tasks with user-provided stack S Jaaaan et S glad L e S ol
- Task stack size [bytes] 200 [ T A TR S . P 7Y
-- Check for the stack overflow v S gliad e g
- Tick Timer Configuration
- Hardware timer PIT Jale S 82z o) 38 Ca Sadd AT
- Common IRQ System Handler for PIT timer I_ PIT e gl S filedidy o
- Timer clock value [Hz] 2995200 el gas0s SUE S
- Timer tick value [us] 10000 Tick s olas
[=1- System Configuration
EI Round-Robin Task switching Ira Round-Robin s 3 s
.- Round-Robin Timeout [ticks] st g gl ceabeatial Tick 2laad
- Mumber of user timers aolS Gl o ge gl patld shead
- ISR FIFO Queue size 16 entries 4385 lo e e slisad o glal
< ] ] »
Eer. €. [ (3F. |04Te. Text Editor }, Configuration Wizard | j

0 o )leds i

_08 &bl Sus g3 Sl I Sis K 05 Jled e sl
o el S s I3l o mb el Slesld gl (e eolal
Dl ol Sl glas @i, Jb e w4 Sas ol a5 s
Ol Goils sl sley gis sbul o)bgs Kus aliley b g 39
JCF RS W I oW Iy T O BN WA S W BEYWRIR P T S g =LA
busgs L8 ol bl e )y Sas ol TID b Sg B>
g (o0 plouil (os_tsk_delete(OS_TID TID &b

(0) Kodaz) ¥ o )los digas anls o

WMain &b s ol & cunl & g0 pas Aal o MK
task_init w5 g ot (551l ol 05_sys_init xb buwgs Jole
o osliiwl 95 Kus cpl g o0 b Sus (gl Olgie 4

Hinclude <AT91SAM7X256.h>

#include <rtl.h>

| task void task init(void);

| task void task1(void);

_task void task2(void);

int main()

{
os_sys_init(task init);
while(1){}
return 0;

}

| task void task_init(void)

{
*AT91C_PIOB PER = (1 << 0)| (1 << 1);
*AT91C_PIOB_OER = (1 << 0) | (1 << 1);
*AT91C _PIOB_ OWER = (1 <<0) | (1 << 1)
os_tsk create(taskl, 1);
os_tsk create(task2, 1);
os_tsk delete self();
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__task void task (void)
{

//initialization

while(1){

//task process

§
§
A J

Ea— slxl ol g adsl as laie sl 0s_sys_init() &b
&6 ol by 48 s sl OT 51 G 9 3940 o 030l Jole
oy Gl 5w Jol K Ygame g 0 b ol ons ab S
sbul g (sl syl 8l s 9 ) 5L 5,90 ,u0lae adsl (551l
Sga (5o o3l 4l 5 Lol sla Sus

ol 6Kl g o0 plos! os_tsk_create &b g Ko syl
c il (0 5 Soge 4 &

JUus |, abgs pa K 9 3,5 o LT ol prbans 9 K b 0l
9 0ab bl polasl ID G Kis o sl puied 08 (0

OS_TID os_tsk create (
void (*task)(void), /* Task to create */
U8 priority ); /* Task priority (1-254) */

ol 03l d,uif).g OS_TID D (58 o3l d,uif).g el.? Lw,.“s
S8 P_:.m|9:> oy LT 396 ) r,f [,S as” 5yl 6ol slas )l



Wbl s gl b sla (Kis dawgs 00 sbml s b ( for
s g oo oslitwl sdal o5 50 a5 6,55 ey Sl s s o
vasin 3l Oley 0S_Itv_set )giws Jawgs lal (g, cpl o
ad) e Oloy 0s_itv_wait &b Jlys13 )L a8 by 295 e

535 ot o shol 55 315 0 drlons Jole s b
(task void task1(void) )

{
inti=0;
os_itv_set(100);
while(1){
os_itv_wait();
for (i = 0; 1 < Ox9ffff; i++); //process
*AT91C_PIOB_ODSR "= (1 << 0); //Blink
}

\} J

oslizwl Keil sl aus 5l 0lg o G9d sla aal o s sl
sdalie [, PBY 9 PB. sla o 0ad (igels i, 5 35
235, L RTX Gb cue cubls Keil 5l auds fuoea 3,8
Debug > OS s 5l 1, <kl ool 0lg5 o0 S5l 4ps @Bga

(% o ke JK&).5 5 Jles Support
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bl G Lo slag) Jole i Sl oslitul b o gs 4l 5 5o
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S 9 Bigd (50 g5 K0 Ss iz by Ss S s s
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ol 9 38 S 1) 5l 5500 slaesls 059 03bel Wi e L Sus
JKaa ul do sl 05 (o0 (515 Olas 8, Ha8 crge LK
SO RTX s Ksja sl o0l sbwl laslag, pb 4y (> ol
cilizes 3lagg, VE sbml sl Kl (e a8 S)ls o VF 02
gas 05wl

b a5 aas (o0 @bl Jole g 45 ool Kus 398 JSio )
Jlanl cursy yo ki Bl b slag, jl pasis slax 4l
VRS O P 0z 5L 3,90 sl osls Gad esbel b .ile sales 3L
390 s 52 03bel L 0sls ples alila) 9 ol salys Jled S
Sl sales aslsl 345 )5 4 s

Shue sl os_evt_wait_and g os_evt_wait_or <l smws
s s cwl sad sy b slasg, 0okl Bl sl vak
>y Jy sizay Bl oad pasuie sl sl el 1L AND
onl s o5 oSl Ll I L slasg, 51 (S s 0sls & OR
sl ) c_")),ao‘\.g(tgly\“

OS RESULT os_evt wait_or (
Ul6 wait_flags, /* Bit pattern of events to wait

for */
U16 timeout ); /* Length of time to wait

for event */
N J

' 1\

| task void task1(void)
{
inti=0;
while(1){
for (1= 0; 1 < Ox7ftft; i++);//process
*AT91C PIOB_ODSR "= (1 << 0);
/Toggle of LED1
}
}
| task void task2(void)
{
inti=0;
while(1){
for (1= 0; 1 < Ox8ftft; i++);//process
*AT91C PIOB_ODSR "= (1 << 1);
/Toggle of LED2
}
} J

U e Jlas ) ){1.) K 93 9 aa; TS I, MLS/..; PR
e 43 1) 595 3 Shoc 0LL 0s_tsk_delete_self mb b
o 5l aabs f'.)f FrREW ol Kus 95 .38 < &}LH Jole
Sl g Sl (K (79,5 andy 393 ol Gug bl Sl oy L
Slla Ko o ol aws Sl 408 GuaSkas |, )8y K
ol 02 o3laxwl fOr aal>
o.)LoTJg' Jb s sl curog 5l (Koo abx) a0 S ja
o L8 Gols gl eslel s s ¥ Kus aib oo Lal Jl>
oSy 9 5,8
D 4y Jyers 3 @l Jole s Al ey 4ol o
Ol i) yaa 9o Sl (:)I,S Sl oslatwl 092 . X5gi (oo 05 liiuwl
Uo,r_ PR ..)943 «° JALC W L;v‘l)L{ ML{ 9 W GL)'))..:
GALq;T)Io;uLgILJxYGA@ml)GgI,SJALcM;p
C‘-'L; 5,5 sbwl 385 sla st il 5 0le)y 0sls Haa 09 Ol
oas i, sl sbel sl (0s_dly_wait(int tick_num
B8, Tick slaw 4 Ko Lo 3l o Slgsl3 ,a by il
V- LSA)I):Q )LLELZJ‘ o 2 I) S UT
b9y sl 4l ) 3t L LED)Y palysy asiliz Y6 4ol 5 5o
Do (8 D98 ) Dogo & dbg e Kud 39 igels
il a5l Juo V- Tick o (o000 Ol 4ol 4 a5 b
A5 e abml sl sl ) ol & (V- - )os_dly_wait jgiws
aal>) Lol 3155 gy oas sbl w36 Olsue 5l Og> Jos 3 J9
4 1\
| task void task1(void)
{

inti=0;
while(1){

os_dly wait(100);

for (i = 0; 1 < Ox9ffft; i++); //process
*AT91C_PIOB_ODSR "= (1 << 0); //Blink
H
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/ RTX Tasks and System BN

[=]
Pr... Value
o s
Timer Number: 3
Tick Timer: 10,000 m5ec
Round Robin Timeout: 50,000 m5ec
Stack Size: 200
Tasks with User-provided Stack: ]
Stack Overflow Check: Yes
Task Usage: Avvailable: 10, Used: 2

255 | es_idle_demen Ready

2 taskl 1 _

\ES}'mhals Event Viewer RTX Tasks and System

J
s [,,L‘w g
#include <AT91SAM7X256.h> 0sls &) Jhte wly (0 Sus &5 Gloj 1o timeout ,iaie
#include <lib_ AT91SAM7X256.h> ool T bz S & Sla o2 wait_flags 5 wles sl
#include <rtl.h> OS_R_EVT Ll,; 51 &b ool (22550 )lade.nisn pasin |,

Sl 02 )bl plasl el slagg,y 0ols &, a5 a8 (o Ol ALk

| task void task_init(void); Timeout ols) sas s 0l b OS. R_TMO i, 51 5
| task void task led1(void);
| task void task led2(void);
| task void task led3(void);
| task void task led4(void);

sl 03l8l Bl slaygy plas” Al Gasels @l p ol sl ples
Sed 0 05lanwl OS_evt_get @ls 5l
4 a8 34 o0 o3linwl OS_evi_set 6[3 5l alg, S skl sl

| task void task button1(void); el 00l B85 515 g0
| task void task button2(void); - N
OS TID tskl,tsk2; void os_evt set (
int main() Ul6 event flags, /* Bit pattern of event flags to
{ set */
os_sys_init(task init); OS TID task ); /* The task that the events ap-
while(1){} ply to */
return 0; \ /
}_task void task_init(void) ID 4 OS_TID 5 294 Jlsb 2l 45" 5oz » & event flags
i S o o)Ll abgyge s
// Initialize Outputs on PORTB
*AT91C_PIOB_PER = 0x0F; 25 93 9 PBY JIPB- sloi 4 LED lgz 039, < 53 Jlio
*AT91C_PIOB_OER = 0x0F; RTX I oslizwl bl oas Juos PAY 9 PA- sla oo 4 (s Lis
*AT91C_PIOB_OWER = 0xOF; b ¥ 9\ Sloy sl b1, Jsl LED 53 a5 g sl 4ol s
// Initialize Inputs on PORTA 95 3 ) 6 lid Glasls cardy Olosan 5 1S osels 5 o,
*AT91C_PMC PCER=1 <<AT91C ID PIOA; 185 0lis @am LED
_ *AT91C PIOA ODR = 0x03; ) '
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H
§
_task void task led4(void)
{
while(1){
os_evt wait_or(0x03,0xFFFF);
if (os_evt _get()&1) *AT91C_PIOB_SODR = (1
<<3);
else if (os_evt get()&2) *AT91C_PIOB _
CODR = (1 << 3);
H
§
| task void task button1(void)
{
while(1){
while ((*AT91C_PIOA_PDSR&1)==1)
os_dly wait(5);
os_evt set(0x01,tsk1);
while ((*AT91C_PIOA _
PDSR&1)==0) os_dly wait(5);
os_evt set(0x02,tsk1);
H
§
__task void task button2(void)
{
while(1){
while (*AT91C_PIOA_PDSR&2)==2)
os_dly wait(5);
os_evt set(0x01,tsk2);
while (*AT91C_PIOA _
PDSR&2)==0) os_dly wait(5);
os_evt set(0x02,tsk2);
H

}

.
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ool )3 s Sosme GBT Luwgs oad dibigs e I ;555 b
ECA Colw <9 sl

AVR-PIC-8051 s o S 9 S0 s 039 39 45 900
le)eolggeumbds)bugg?4-5)*096”?3[1)3@)“3dyﬂmw“ﬂ)l}"—}M
8051 5 PIC 9 AVR sla 9 Ko cialiseo sl 5, b 055645 sla 059 0 plesl
AfoJ..i:Ls)gTJ)foJ.& G wd Oy 43659 9 00 ¢ Sl Gl degazms opl ) .l
oS Olganiils (5 5 o i g 9 5,8 3b ol @ s 5 Kilgiee T (o)

ol 00l GSLIDVD G CJB s dcgams ool ke SLle

http://eshop.eca.ir/link/50.php : Lo Slosgs

' 1\

*AT91C_PIOA PPUER = 0x03;
*AT91C_PIOA PER = 0x03;
// Cerate Tasks
os_tsk create(task ledl, 2);
os_tsk create(task led2, 2);
tsk1 = os_tsk create(task led3, 1);
tsk2 = os_tsk create(task led4, 1);
os_tsk create(task buttonl, 1);
os_tsk create(task button2, 1);

// Delete init_task
os_tsk delete_self();

}
| task void task led1(void)

{
os_itv_set(100);
while(1){
os_itv_wait();
*AT91C_PIOB_ODSR "= (1 << 0);
h
§
| task void task led2(void)
{
os_itv_set(200);
while(1){
os_itv_wait();
*AT91C _PIOB_ODSR "= (1 << 1);
h
§

| task void task led3(void)
{
while(1){
os_evt wait_or(0x03,0xFFFF);
if (os_evt_get()&1) *AT91C_PIOB_SODR = (1
<<2);
else if (os_evt get()&2) *AT91C_PIOB _

CODR = (1 <<2); )

mmc%rmms

A AMR PAC BOS1 16l s0i%0 s%en ol oo aconas
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Multi AVR Programmer

bl 4 Jlasl cgm USB (654095 5l oslatwl 55 09de yal 39,0 ol
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Soals e Jeil Ob o 39008 03905 b s g USB )00 ¥ 44 5420 0
S o ZIF Ko (30, 31 i lag S plos 03,5 p,55 2 0

ol 0 00l s ol &y T s 5908 45" ooy Ken b3l g el Gully g0 0
(Linux / Mac OS X/ Windows) sla Jsle o b 5,85l 0
AVR o3lg5s sla ) x5y Koo salos 5l sluziy 0

AT8ISXX (5 s sla ) 159 Koa 5l Sl ©

24CxX 6 o Jb s sl adisl> 5l Slozis 0

5K sla LCD cus sl 0

L&l)b\.’L\PJ’}’AQSLQ)l)B‘ f)’)lwu‘,)’TL}AL‘:’DVD gﬁgdywob.abé.:w
0975 9 pal SS9 5 s gz (Aoigal Sla plid et 9 o) 185 Ko 055 0159 1 9 5L
oles Jols a5 (AVR Technical Library) ledbl ke S ol 59 0 5l sl

ol 4228 &1L 0 39590 sla 9,0 il

eSS Sl

http://eshop.eca.ir/link/489.php
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Support all AVR
Microcontrollers

AVR USB Programmer

L sl dews 0 USB sla o9y alawgy Ol (o0 cngs 9955 )0
ol Sl ookl b 5 )18 ,Sen ol S50 9 2908 Juate a4
S0 dlys oo bod g A28l 55 g 4 SIS K Iy

USB2.0

USB1.1 USB2.0 sla &9 b Sialea o

ST PRE RV VPR

79,5 ISP ,giGl5 Y 4y 50000 @

S 3 ZIF % oo 5 i lag e plis 03,5 1S5 o
-l 0ad 0ols s olidl 4 gl i S5 &5 (2lag e 2L g el Gl alga
(Linux / Mac OS X/ Windows) sla Jsle o b 585k
AVR o3lgls sla a8 Koo oolos 5l oty o

la 9 Ko oles bl soles ol ot 45 55 5,90 sla )l 58 £ Jols DVD

- olids

£ (b ez 35750 Sl p 5 sl ass 05T Jols DVD S s ol 100 4 uiznon
1 0575 9yl 59 5 i Sz gl Sl pld rimen 9 8 )18y S0 03,5 61 S99 5L
_'3 #bs Joli a5 (AVR Technical Library) sledbl gubie SbL G g jal S9 5 5l oslinal
2
j SR WCCERP
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P Altium Designer V10.391.22084
» NI LabVIEW 2010 Professional v10.0{2
» Etap Power Station 7.0.0
» SIMATIC Step 7 (5.5) Professional Edition 2010
» Flowcode v4 for AVR-PIC-ARM
» Microsoft Visual Studio 2010 Ultimate V10
» NI Measurement Studio for VS2008 v8.6
» EPLAN Electric P8 2.0.5.4602 Professional
» LabVIEW 2009 SP1 Professional Full AddOns
» AutoCAD Electrical 2011
» Quartus II (32-Bit) V9.1 SP2 full version
» SIMATIC WinCC V7.0 SP1 HF5
» IAR Embedded Workbench Collection 2010
» SIEMENS LOGO Soft Comfort V6.1.12
» Proteus 7.6 SP4 + Compilers
» MATLAB & Simulink Release 2010a 32&64bit
» Windows Embedded CE 6.0 +R2&R3
» CADENCE SPB/OrCAD 16.3 HF1
» NI Circuit Design Suite v11.0
» SIMATIC PCS7 v7.1
» Advanced Design System (ADS) 2009
» SIMATIC Premium Studio 2009
» CitectSCADA 7.10rl
» DIALux V4.6 +Plugin,Movie,Documents
» DIgSILENT PowerFactory13.2.342
» RSLogix 5000 v17.0
» Hspice 2008.03 + eBooks
» LinuxCNC
» S7-Technology v3.0 SP2
» SIMARIS design 4.1 basic
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Servo Magazine Yo allu f dacgane A

S92, b a5 g0z
Silicon Run I & Il gezzee ol jlae csbe Soigal At
Pl pras b9l sla ol (s 48, acgars
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_”'Wavelet Transform Based Abnormality

Analysis of Heart Sound

Abstract-This paper is concerned with the analysis of the
first (S1) and second (S2) heart sound of the
Phonocardiogram signal (PCG) using Discrete Wavelet
Transform (DWT) and Continuous Wavelet Transform
(CWT). The second heart sound S2 consists of two
major components A2 and P2. The time delay between
them plays very vital role in medical diagnosis. DWT is
used for denoising and finding the best split of A2 and
P2 components of S2, where as, CWT is used to
determine the number of frequency components of S1
and S2. Experiments are performed on normal and
pathological PCG signals. Denoising and finding split
between A2 and P2 is carriedout using DWT. The
frequency components of S1 and S2 of PCG are
determined using CWT. Also split between A2 and P2
have been measured using CWT.

Keywords-  Heart  Sounds,  Wavelet  Transform,

Phonocardiogram.

L. INTRODUCTION

The mechanical activities of the heart during each
cardiac cycle produce the sounds, which are called
heart sounds. The factors involved in the production
of heart sounds are as follow:

1. The movement of the blood through the
chambers of the heart

2.  The movements of cardiac muscle.
3.  The movement of the valves of the heart.

The heart sounds can be heard by placing the ear
over the chest or by using a stethoscope or
microphone. These sounds can also be recorded
graphically [1, 2]. Human heart generates four sounds
during its activity for one cardiac cycle. These sounds
identified as S1, S2, S3 and S4 are not all audible [3].

A phonocardiogram (PCG) is a display of the heart
sound signal showing that heart sounds and murmurs
can provide useful information to the physician by
complementing cardiac auscultation. The major PCG
clinical drawback is that it does not present
information on frequency of heart sounds and their
components [4, 9]. Heart sound analysis by
auscultation is still insufficient to diagnose some heart
diseases. It does not enable the analyst to obtain both
qualitative and quantitative characteristics of the PCG
signals. In addition to the first and second sounds,
abnormal heart sounds may contain murmurs and
aberrations caused by different pathological
conditions of the cardiovascular system. Moreover, in
studying the physical characteristics of heart sounds
and human hearing, it is seen that the human ear is

poorly suited for cardiac auscultation. Therefore,
clinic capabilities to diagnose heart sounds are limited.
The characteristics of the PCG signal and other
features such as location of S1 and S2, the number of
components for each sound, their frequency content,
their time interval, all can be measured more
accurately by digital signal processing techniques.
The Discrete Wavelet Transform (DWT) is used for
denoising [6, 7]. However the split can not be
measured using DWT. The Continuous Wavelet
Transform (CWT) provides the duration between the
split of A2 and P2. Since heart sounds exhibit marked
changes with time and frequency, they are therefore
classified as non-stationary signals. To understand the
exact features of such signals, it is thus important to
study their time-frequency characteristics. In this
paper the DWT have been used for denoising and
finding the best split between A2 and P2. This is
produced due to closer of aortic and pulmonic valves.
The CWT is used to measure time delay between the
component A2 and P2 for the second heart sound for
the normal and pathological PCG.

This paper is organized as follows: Section II
presents the processing of heart sounds using DWT
and CWT. Experimental analysis of normal and
various pathological heart sounds using above
techniques have been presented in Section III. Finally
the conclusions have been given in Section IV.

II. Processing of Heart Sounds

2.1 Wavelet Transform

A wavelet allows one to do multi-resolution analysis,
which helps to achieve both time and frequency
localization. Wavelet algorithms process data at
different scales or resolutions. If we look at a signal
with a large window, we would notice gross (or
averaged) features. Similarly, if we look at a signal
with a small window, we would notice detailed
features. Thus, by using varying resolution, it solves
the problem that was there with Short Time Fourier
Transform (STFT), due to the use of fixed window
size (or resolution) [10]. Wavelet Transform (WT) is
of two types Continuous and Discrete.

2.2 Continuous Wavelet Transform

Continuous Wavelet transform is the alternative
approach to the STFT [10]. WT has become well
known as useful tools for various signal processing
applications because of its good time-frequency
resolution. CWT is best suited for signal analysis.
Wavelet transform consist of computing coefficients
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that are inner products of the signal x(t ) and a

family of “wavelets”.
Continuous wavelet transform can be formally
written as:

WY (z,5)= [x(0)y', (Dt @)

where ¥/, (¢) is called wavelet function.

The variables § and 7 are scale and translation
parameter respectively.

The wavelets are generated from a single basic
w(t) (that satisfies the following

properties), the so-called mother wavelet, by scaling
and translation:

1 t—7

W(s,f)(t) = — =V ( \Js (3)
5] s

The factor s_% is used for energy normalization

across the different scales.

Wavelet function in CWT

following properties:
Admissibility Condition:

szj%“’)d(a))@o, 4)

0
where W (@) is the FT of /() . This condition

wavelet

should satisfy the

ensures that ‘P(a)) goes to zero as quickly
asw— 0.

Zero average: It is normalized which means”l//” =1

and is centered in the neighborhood of =0 i.e.
jy/(z)dzz 0. Q)

Unit energy: Wavelet function should have unit
energy.

oo

[lw@far=1. (6)

In short wavelets have zero average, unit energy and
have fast decay. This means that {/(f) is wave for

short duration and hence the name wavelet. If YAf)is
a real wavelet, then the resulting ¥ (s,7) is called a

real WT, measures the variation of X(f) in a

neighborhood of 7 whose size is proportional to
scale s. A real WT maintains an energy conservation
principle, as long as the wavelet satisfies
admissibility condition [10].

2.3 Discrete Wavelet Transform

The CWT described in the last section has
redundancy. CWT is calculated by continuously
shifting a continuously scalable function over a signal
and calculating the correlation between them. It is
clear that these scaled functions will be nowhere near
an orthonormal basis and the obtained wavelet
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coefficients will therefore be highly redundant. To
remove this redundancy Discrete Wavelet Transform
(DWT) is used. In DWT the scale and translation
parameters are chosen such that the resulting wavelet
set forms an orthogonal set, i.e. the inner product of

the individual wavelets ¥/ are equal to zero.

Discrete wavelets are not continuously scalable and
translatable but can only be scaled and translated in
discrete steps. This is achieved by modifying the

wavelet representation as
t—kt,s!
0”0 (7)

() =—2

Here j and k are integers and s, >1 is a fixed

dilation step and 7, depends on the dilation step. The

effect of discretizing the wavelet is that the time-scale
space is now sampled at discrete intervals. We

generally choose S, =2 so that the sampling of the
frequency axis corresponds to dyadic sampling. For
the translation factor we generally choose 7, = I.In

that case the Equation becomes:

v, (0)= jz—jw(l‘z’i”j (®)

One of the efficient ways to construct the DWT is to
iterate a two-channel perfect reconstruction filter
bank over the lowpass scaling function branch. This
approach is also called the Mallat algorithm [10].
DWT theory requires two sets of related functions
called scaling function and wavelet function and are
given by:

6(0)=> h[nN2p@2t-n) (9)

n=0

N-1
w()= g[nN2¢@t—n) (10)

n=0
Where, function ¢(#)is called scaling function and

(1) is called wavelet function , A[n] is an impulse

response of a low pass filter and g[n] is an impulse
response of a high pass filter.

2.4  Signal
Transform

Decomposition Using Wavelet

The scaling function and wavelet functions can be
implemented using pair of simple low pass and
highpass filters. If the filters are interpreted with their

impulse responses as {h(n),ne N} for a lowpass

filter and { g(n),ne N } for a highpass filter, then

the decomposition of a signal using DWT will be as
shown in Fig 1. This decomposition is also called as
dyadic decomposition. First stage divides the



frequency spectrum into two equal parts (lowpass and
highpass). The second stage then divides the lowpass
band into another lowpass and highpass band .The
second stage divides the lower half into quarter and
o on.

) D,

hin) Z) Ir3
i) oy [,

h(n) = impulse response of low-pass filter , A-Approximate
Coefficients,
g(n) = impulse response of high-pass filter, D-Detail Coefficients ,

-

-Down sampling by factor 2

Fig 1: Signal decomposition using DWT.

III. Results and Discussion

Normal and Pathological PCG signals were analysed
using DWT and CWT techniques. PCG signals were
recorded using electronic stethoscope. The sampling
rate used was 8000 samples/s. Various pathological
conditions such as aortic stenosis, pulmonic stenosis,
atrial septal defect were consider for analysis.

3.1 Discrete Wavelet Transform Analysis of the
PCG

DWT algorithm is applied on the PCG signal for both
normal and pathological to determine the best split
between the A2 and P2 of second heart sound. In
order to identify the S1 and S2 correctly, we need to
consider its main features in the time and frequency
domains. The longest time interval between two
adjacent peaks is the diastolic period which extends
from the end of the S2 to beginning of S1 [3]. Fig.2
shows the six levels DWT decomposition of normal
PCG signals. It shows the approximate components at
six level as well as detail components d; to dg. The
decomposition is done using 6™ order Daubechies
wavelet (db6).

The frequency spectrum of S1 is generally dominant
in the range 10-200 Hz while the frequency spectrum
of S2, 50-300 Hz [8]. The combination of time
frequency properties is quite valuable in the
identification of the S1 and S2. The signal has the
sampling frequency of 8000 Hz. Approximate
component ag and detail component ds, to d;
correspond to different frequency bands obtained
from the DWT decomposition of the signal. The 6"
level approximation component ags corresponds to a
frequency band 0 to 125 Hz. The 6" level detail
component ds correspond to the 125 to 250 Hz, 5
level correspond to 250 to 500 Hz, 4™ level

corresponds to 500 to 1000 Hz , 3™ level correspond
to 1000 to 2000 Hz , 2™ level correspond to 2000 to
4000 Hz, while 1* level detail correspond to 4000 to
8000 Hz. So from the plot of DWT components we
can easily identify the corresponding frequency
component of the first and second heart sound. From
the observation of as plot, S1 and S2 are clearly
detected in that range having frequency band of 0-125
Hz. In addition to the normal heart sound we have
carriedout the analysis of the heart sound with
abnormalities like aortic stenosis, atrial septal defect,
and pulmonic stenosis.

Fig.2 shows the DWT plot of the normal heart sound
where the S1 and S2 are clearly dominant in the
frequency range of the 0-125 Hz and 125-250 HZ.
The oscillations of the S1 and S2 are clearly seen at
a¢ and dg it mean that the frequency of the signal lies
in the range of the band in which the first peak is the
S2 and the second peak is the S1 [3].

Fig.3 shows the case of the Aortic stenosis in which
both the heart sounds are affected due to which the
high frequency components are generated. The S1 is
depicted clearly at the d4 level while S2 with its split
is seen clearly in the ag level. The high frequency
components are seen at the ds level in DWT plot. Due
to abnormality in the signal it duration is also
increased and sound is prolonged along with high
frequency components.
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Fig.2 DWT of the Normal Heart sound
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Fig.3 DWT of the Aortic Stenosis Heart sound

Fig.4 is the case of the Pulmonic stenosis in which
the high frequency components are clearly seen in (ds
and dy) the systolic area due to the improper opening
of the pulmonic valve. These frequency components
are generated due to the pulmonic stenosis in the
range of the 250-500 Hz .These high frequency
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components are seen at the ds level and actual heart
sound are seen at the aq level in which the amplitude
of the first heart sound is also affected as compare to
the normal heart sound. Its amplitude should be larger
than the second. The split is also clearly seen at the a4
level of the second heart sound.

Fig 5 is the case of the Arterial septal defect. This is
due to a hole between left and right atrium and due to
this there is mixing of the oxygenated and
deoxygenated blood hence the artrioventricular valve
are not operating properly and affect on the heart
sounds producing prolonged sound with high
frequencies of the range 250-500 Hz. These are seen
in dsand d, clearly.
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Fig.4 DWT of the Pulmonic Stenosis Heart sound
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Fig.5 DWT of the Atrial Septal Defect Heart sound

From above experimental result of the DWT it can be
concluded that:

e For the normal heart, the first heart sound depicts
in the normal frequency band of 0-125 Hz, and 125
— 250 Hz (some times if signal present above 125
Hz). In the abnormal heart sound as it is having the
higher frequency component and noise due to
abnormality they are eliminated in the higher
frequency band as shown in the results using
DWT. So DWT gives the exact frequency band
and split of S2.

e For the normal and pathological PCG signal the
best split has been determine. It is shown in the
specific frequency band of DWT. It is marked with
arrow in agband of fig. 2,3 5 and dg band of fig. 4.

The application of the DWT on heart sounds S1 and
S2 after their identification shows the basic frequency
spectral components. It also shows the split between
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A2 and P2. This is important in the diagnosis of heart
sound. Here it is difficult to measure time split
between A2 and P2 using DWT. To overcome this
limitation CWT is used.

3.2 Continuous Wavelet Transform Analysis of the
PCG

An algorithm of the CWT was applied to analyse the
PCG signal of a normal cardiac cycle illustrated in
Fig.6 (a). The two heart sounds were clearly shown in
dark colour in Fig.6 (a). There was space of 2400
samples corresponding to 0.3 seconds. The CWT of
S1 and S2 were also shown separately in Fig.6 (b)
and Fig.6 (c) respectively. As it is shown in Fig.6(c),
the sound S2 have higher frequency content than that
of the S1. This is expected since the amount of blood
present in the cardiac chambers is smaller [1]. The
spectrum of S1 is clearly resolved in time in Fig.6 (b)
into four major components. The spectrum of the
sound S2 is resolved (in time Fig.6 (c)) into two
major’s components A2 and P2. The time delay
between A2 and P2 can be easily measured (from
Fig.6 (c)) using wavelet coefficients. This measured
delay was 9ms. It was smaller than the 30ms as seen
in the normal conditions of the PCG signal. In
pathological condition this time difference is widen.
The wavelet transform allows measurement and
determination of this time difference and thus allows
a diagnostic process regarding this important
parameter to be produced. Here the one normal and
three pathological cases 1) aortic stenosis ii) pulmonic
stenosis and iii) atrial septal defect as shown in Fig.7,
Fig.8, and Fig.9 respectively were considered.
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Fig.6 Coefficient of the CWT for the Normal Heart
sound (a) One cardiac cycle (b) sound S1 (c) sound
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Fig.9 Coefficient of the CWT for the Atrial Septal
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3.3 Split Measure of S2

As specified in above sub-section that A2 and P2 of
the S2 produced due closer of aortic and pulmonic
valve, its time difference is very important for
diagnosis of heart valves. The time difference
between these two components in case of normal case
is less than 30ms. But in abnormal cases it may
become wide [8]. In normal case the dominant
components were clearly seen representing A2 and
P2 using CWT and its time difference was 9ms,
which is less than 30ms. Hence from above three
cases the time difference between A2 and P2 was
more than 30ms due to abnormality. Pathological
cases have more frequency components. The time
delay between A2 and P2 for normal and different
pathological cases is tabulated in Table 1.

Tablel: Split time for normal and pathological

conditions

Type of | Normal Aortic | Pulmonic Atrial

Signals Stenosis| Stenosis Septal
Defect

Split(ms) 9 42 46 49

From above experimental results of the CWT it can
be concluded that:

e In S2 two frequency components have been
produced due to closer of the aortic (A2) and
pulmonic (P2) valve and were clearly
detected using CWT.

e For normal heart the time interval between
A2 and P2 is less than the 30ms and for
pathological case the time interval between
A2 and P2 is larger than the 30ms and is
measured easily.

IV. CONCLUSION

Abnormality analysis of heart sound using wavelet
transform is presented in this paper.

DWT has been used to determine the best split
between A2 and P2 of the second heart sound.
Frequency component of each heart sound is
determined using DWT. Using DWT it is impossible
to determine the time split between A2 and P2 which
plays vital role in diagnosis of the PCG signal. This
drawback of the DWT is over come using CWT. The
time delays between A2 and P2 have been measured
using CWT. It is observed that the time delay
between A2 and P2 is less than 30ms for normal case
and it is greater than 30ms for pathological cases.
With the developed Software, it is easily possible to
identify whether the person is normal or abnormal
with valves condition. This works as a good tool to
help doctors to take decision for diagnosis of various
diseases related with heart valves.
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