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Using Phase Comparator |

Using Phase Comparator Il

Characteristics VCO Without Offset VCO With Offset VCO Without Offset VCO With Offset
R2 = R2 =
VCO Frequency \ X X

TmMax Y \ Thnk ; x| I

f tN I\ / 2
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n
[, N I ! I ¥ - L -
Vet Yoo ] Vi Voni? an
VED INPUT VOLTAGE WED INPUT VDLTAGE VEQ PREUT ¥DLTA

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

Loop Filter Component
Selection

For 2 fc, see Ref.

T o

Range, 2 f, 2L = frmax — fmin
Frequency Capture " _
Range, 2 fg | oA T o 1 [ETH
4 C vV o«
T 1

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

Locks on Harmonics Yes No
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
xXxxxx total 14bit

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

address();

command();

#asm("cli")

[Routput=0;

delay ms(30);

}

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

U gh oo 03l 1B uae cpl 09,0 b 4 Joas Sl e
3,5 2algs Joe & pgo poa 4 55 dec_to_bin(com,2)
Jlad (5 sl poo 4By (5l 4 sginws 37 5 ool 387 s Sl oy
toggle s am 5 395 (o Jluyl Vs ¥ lawl OT Sl a5 00
D9 (o

&b laie 5 0ad Slesl,6 command g address mb oy
S gl yun ddg o2 S )59 59h (oo Agas Heiwd 9 wyal sad
JF@MoM;LEDM&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 &b

~

( 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

4 johilea oS oo Ao 1) jgiwd IS 5 Lol oS &b 9> ol
oozl b Ll 53 Lo g 48l o o O (59l T 3 il o0
Gl e Jols a5 GuroT al,T s 39290 sla o fOT ail>
yGY élm@ﬁ)wsels)_sg.m;f@dgub.\&bdv G
95 o0 Wyte il o a5 Julis oS
il 4
#define IRoutput PORTD.0
325 (o0 Jasl osiiw 3 LED @ 1) 00l algsn zge a5 (29,5 o
o 79,5 Olgie - D o b oS0 &5 il (o0 s JiB
ol Main mb )5 a8 398 azes aliue (pl 4 b rices il
gl 5 (79,5 Olgis 4 Sy
256 @b Slez1s 5l o 55 ooge 4w hsendreo i
9b Slez )8
#include <mega8.h>
#include <delay.h>

#include <Header/sendrc5.h>

Headerpl 4, sl ais )5 hisendreo L o5g cnl s> a5

oo 4 BB a5 el ieke) )l )8 09 5 ol s o
(59 2> o] oo

P B L NCEE RPN
TCCRO=0x01;
TCNTO=T;
TIMSK=0x01;
Mo b ol 035)led 5 008 sl o SN ans b yasls
7ol o) Ay Cap mied 98 (0 GIIISLL T uaie adsl
g oo Jlas
Wgko plos o5 el Jlia ysb 4 colgs (o 4l 3 cales 55 9
39 50 Jlwl g

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

}

Y giws 35 90 sl 35 9 toggle=0 o ask Lo 0+ a
e )|

dec_to_bin(unsigned char a, unsigned char op) &b
bl (o0 O b Uolee & Jlowws sae boas &b opl daby
L s o b oslgon 45 0T osloil 5 ¥y 56 s 31 o3lisul L
A o plosil Jola sl plosil 1 Joe ol Olgs o0 28k 0
aal> Gl eslanl b s (cuw cuda = <ol ) 2il (0 dd> 0
o 5l =7 paiia Lzl 3 ol o3ls plasil 1, 0T b i while
["{ ol Slhasly K dal> 30y Olygiws szl )b 8 55 9 59
oolizl 1,7 5 e Ky Ol sl 515 lake 5l 355
by 3,8 51 al,T 0g)s Ab)ﬁ)m)swasoxh.:élgbom
&S > o o 5 0dd |2l lam a5 ail e clde cpl 4 YOOI
Slawl codle 09l jurie 092) w p plesl 4 dal> ol - =i
Sl (sl O 5 (sd Jalys YOO by wi o5 - 5l aoly
o sl azdl ¥ L) laie wilys e a5 adbs slal,T aiie
25 51 Jste Sloais plosil 31 s aSal sl (b o dil> 5T
S sle e g 5,8 L3 AbT Lo ol M) ply cd
VA sse sl e faoge O 5 pbyy Slp) Ngl Lo

(A5 s ¥y (G D90

Ao youli aisy pls
4 N
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 slash 9 Kl F by G b Lk b ol o
o A6 14055) 39 4l 9K YA S 5 b 25 o] o
O ol 50 e b s o (0Eh 38> Lo L oley pl a7 59
08 S b S (0 g ) abgy e o 9 d9d (0 2l 2
oly K C i 4 uixed 9 e Mg (6558 LS VOVNY
ded (o o 09> VY dae 4 Ol Sl dr g d9d (0 wSl)
S Sl 0 g s erie (AD Con OgaeYgae Caend )
5 n gl 5,Ken ARG 4l 39 a5 el LT a2l 03,5
ol 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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03 iS5 (95 dali

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

b )5 getre5(); b

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

#define IRled PORTD.1
Sloas iy 5 (5 juol v g0 4 45" add | com sla e
IRinput o .4l (o g 35 9 03] 3 05,8 6 55 sl
G IRled (o a5 9 il (0 005,851 Sledbl ulys sl
g gy oledbl bl @ige o b (,,.:.5 s Jwo9 LED
oslaiwl gale S )3 Y Ll hawgs 385 b slml sl (’:’l:' ol
Jlade Logitue 457 2L (o0 63909 ,bl G )ls @bl o
5,8 o )Ls b 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;

h

A J

getre3(); &b vs,d
startl G 2 ) 9 D (0 (S 0,5 la o= é:lS sl s
s ol gl 0ol b plas g oas Jao ol Gla e
SHA2 oz 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;

~N
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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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3 e 5l L clagun gz uien 35 5L g Ol ) la by
sls plul 1, ol 02 03lizwl AT9O1SAMT7X256
s 55 sl 00 05zl Keil LUl 51 s 45l 51,
: FlashFS sla S 39 slp FS_ARM_L a«bols MDK-Professional axwgs
File IO wllee (sl ANSI C 5)lnbiwl jloslizale 5 ROM Flash swle 5 )luslial 3lo 0,055 byl b bl
sl o) 9 NOR g NAND il sla abibl> 5l laasy o oslizul b a5 5,05 5459 SD/MMC/SDHC abiil> sla o)l
SD/MMC/SDHC la bl o5 5 0xles w33 obul b sllee Olgs oo OT Sl
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typedef struct { // Search info record
S8 name[256]; // Name

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

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

Ao 1L L sl 9 48T (0 ez ) Ll o)less flleID i
axly K urie opl Adgy b (BB G 008 1o UL L b oogd
plIST b 45 WS o adiie (San iy 3 9 b a Ll
6l casbin ki Ol sl ond plol yiacr

pd S S8 55 gz Sl Ol (oo gt

A g9

Jw|w6%ufu56|xﬁdm>.

Pattern

7" L‘ "

"*abc" 3l oo g9, abe b as LLLb (oo
"htm.*" 35l oas ples htm b a5 LLLL (seoin
"abc*.text" 45 £95 800 L GLLG p2in

Ll ool plos text

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

Gk b 4 spi e wslitul b G pb uis sl @b ol
)5 newname ,ul)l ,3 23> el g oldname L)l s

2,8 (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) sl G- b6 Sl eslatwl o
b 9 Ol

JWWB@&QOBM@MQO

Bas iy Bl abols ol Sl oesliel gl S
35" caums |, RL-ARM

oslizwl FlashFS alsols™ suw <o sl File_Config L,
Sogo 0 1T Ol o S Wizard 1 eslasel b a5 595 e
90)5 9 oolatwl 3,50 sl aksl> LG ool ,5 50 r:l.:;.‘;l Sl S
Ligd oo b K00 S sz g 02,8 Gl

s ly (B

int finit (const char *drive)
ol bl 39 o 0slizl b abils alsl 51l ol sl als ol
o e drive bl buwgs pols | ol sl ol suab as
)3 48 o iy 9l ) e J3 NULL I, el cpl ST 590
EUSEPWCI 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 o)las Jgaz ,o aglys

int find (const char sspattern, FINFO s¢info)
& g b gl ool d o 0slizel b symir sl @b ol
rol:;ﬂ L) gzims Jos 39 (o0 s pattern ol ,5 a5 (5 il
B3 oo ,,81nfo Jlsle s 1) gomies s 9 0ol
s 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 oolil b ol Sl pals <ol sz olys sl
o ookl as sales o33 0T ,5 oledbl a5 (50 4, buffer
9 Ak e ya olail 4y s 5 4 count g size sla il 5 8
S e adden |y A5 salys ol a8 e soly slaws

int fputc (int ¢, FILE *stream)
SS90 (oo ealiwl hl s ol O g sl @b cnl Sl
Ay gm0 > S (oo Gatuine C el bawgs sed aldigs L A
01 iy I wl ol 39 plonl caws b idgs Slibee
a5 oo <S50 L EOF Hlaie & jgo ol s 5o 9

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

count, FILE *stream)

o ookl (Ll Lo lajurie S alT K prig sl @b el

S ojlul 4 size Szl ks 5,90 al,T & buffer el ,b.sgs
S oo 0,lal LT slaws 4 count g a7 guac

int fclose ( FILE *stream )
s2d 5L fopen b by N 45 Ll g sl &b ol
gainn 03] ol

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 ol 558 (oo oslatnl 6 G 05,5 5k 6l @b ol
A o 0)ltl o6 & (g w3 £33 4, mOde sl 5 L6 gl 4,
iy W oT grie @l o T LI 1 L6 oxsles sl
S ol (3 wlsims plas dg sl Ll 02 5L Ll onds
b "a" s L b asl sl s ledbl ST 3 e
I3 @b i85 Jlade s ead 5L (B oS 5L e sl
2,8 (o

int fgetc (FILE *stream)
g (oo oslitwl Bb cpl 5 LB SO ol 4 ol vkl ¢l
plos a5 900 )3 S (o0 pasios |y 0ol 5L (ol stream ,zal,l,

sl aalys i8530 EOF ab (sl 159 oxilss L6 sl by

U32 fread ( void *buffer, U32 size, U32 count, FILE
*stream);
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AT91SAMT7S256 Header Board
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ATIISAMTS256 g 589 ,5n 5510l ol ) capz o JBlos 32
oled i 4 (29,5 o909 b wb el (295 slls %
3,5, 65))’.-))‘.[0'&55‘“"‘“.-‘““50&" 3%

ey 0 9 VY slasllg SIS shls s

@5 Juog 9 @b oS sl

JTAG sUSB sla &9 03,5 Jled e 9 Jlad 0Kl 32
SAM-BA ,al 59,5 5l sslazwl 0Kl 3

JTAG &9 sl

Gy Al sl)ls 52
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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(y1>314 || y1<5) y_1*=-1;
tftlcd draw_circle(x1,y1,10,1,RED);
fps++;
os_tsk pass();

}
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N J
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LA ‘l'l. WHNEw wwwww

RTX Jale g sla cakl6 31 adlys o 039, 00l 5
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95 S1o ail o o2 69, il g sgee Sl S5l sl oY
28 alys Gose L ol o8 o gz S 5555 0 00 b ogs
w9 395 sbul task_intel ol b ooy Kus a5 g0 o
task_fps Kus 5,8 salys o8 > (K Slawlxs 09 L
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g sl Jeb LB iS5 sla agly g oo el 5)ls as”

g g e ce) m Olle 4 bge Sus o
Al G 9 @S (o0 ol 6l 4l K sla 3 os_itv_wait
WSSJ o b dlead ooly Gioles b g5 a8” Sleds slass gl

RS (o owles la g5 slaws

AutoCAD Electrical 2011 “

Sl s ol (b s cole @l pols ©)ga AutoCAD Electrical i3l p 5
AutoCAD LI585 « AutoCAD oslgls 5)1580 p 5 ¥guame Ko aiile sl 0ad azsl
ol g ol slp s Sledbl s (b 5 J,i8 sl o]l s5lee @b, <ok Electrical

Slazsee 51 a5 598 (o s OF 5l 2 5,8 salys oS >
Ubylw&:ﬁXCijMonagméLmdﬂJ)ng
Dguls C)l} LCD U@L&Wo)gm 5l D9 G &S o o

255 0T 5l Guy 9 290 (o0 plsl Y jite sl K03 Lk ) (e

Ded (0 ) N Slhaike o
Sl priia ol 51l (o Gl Aoty S PS suiie lake Guges
soimwd by O 5l dmy 398 oo oolizul la L slaws ool
plos K a8 35 (0 031> £l Jale i 4 os_tsk_pass

REW 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();

j
b

,AutoCAb : :DWI
L I A i

ZEMIAL LLDZ 18219313 AV D0InY
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Task 1 Executing
Task 2 Executing

Task 3 Executing

All available tasks appear to be executing ...
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... but only one task is ever executing at any time.
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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 joy9w & RTLH J6 Gl 0

o oAl K 093 w391 35 plal s Vi Joln 51
Ky

Cawl 0ai adlol 039, 4 a5 RTX Conf SAM7X.c LG
Of 03,5 5L L oly (o 5 2L 0 RTX (500,80 0 by e
ons ol 4 1T Glise sla Gise olubis Wizard by
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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)

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

§
| task void task1(void)

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

}
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froject LA main.c RTX_Conf_SAMTX.c + X\
E--ﬁ Targetl
E‘a Source Group 1 Expand Al I Collapse Al Help
Option | Value
RTX_Conf_SAMTX.4 - Task Cenfiguration
L; Jda - Mumber of concurrent running tasks 10 cila e g gem ) e JUE gl (S dloaT
- Mumnber of tasks with user-provided stack S da gt ea % et S0 climi L e S st
- Task stack size [bytes] 200 L R TR &y PR Y
- Check for the stack overflow |7 S gliad e g
- Tick Timer Configuration
- Hardware timer PIT Jale S Lo s ze o) 58 Gl jald 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
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g (0 ploul (os_tsk_delete(OS_TID TID &b

(0) Kodaz) ¥ o )los digas anls

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

ftinclude <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;

b

| 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

§
§
S J

— sll ol g adsl as laie sl 0s_sys_init() &b
&5 0l by 48 s sl OT 51 G 9 3940 0 03lial Jole
oy Gl 5w Jol Kis Ygame g o b ol onls ab S
sbul g (sl syl 8l s 9 ) 5L 5 90 ,u0lae adsl (551l
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OS_TID os_tsk create (
void (*task)(void), /* Task to create */
U8 priority ); /* Task priority (1-254) */

ol 02l d,uff).g OS_TID D (8 o3l d,uff).g el.? Lw,.“s
S8 P_:.m|9:> o LT 390 ) r,f [,5 as” 5yl 6ol slas )l



Wbl s gl b sla (Ks dawgs 00 sl s L ( for
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pasin 3B Ol 0S_ItV_set )giws Jawgs lal (obgy cpl o
ad) e Oloy 0s_itv_wait &b Jlys13 )L a8 by 290 (e

535 on o shol 5l 315 0 drnlons 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
}
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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 (i = 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 < Ox8ftff; i++);//process
*AT91C PIOB_ODSR "= (1 << 1);
/Toggle of LED2
}
} J

U e Jlas ){1.) K 93 9 aa; TS I, MLS).:‘ )
s 43 1) 593 3 Shoc 0LL 0s_tsk_delete_self mb b
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_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
b
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Priority State
os_idle_demon
3 task? 1

2 taskl 1

Pr... Value
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
User Timers:

Delay

Stack Load
48%

Event Value | Event Mask

S}'mhu:uls | Event Viewer RTX Tasks and System

5 ojlass JS
N\

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

_task void task_init(void);

| task void task led1(void);

__task void task led2(void);

__task void task led3(void);

| task void task led4(void);

| task void task button1(void);

| task void task button2(void);

OS _TID tskl,tsk2;

int main()

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

}

| task void task_init(void)

{

// Initialize Outputs on PORTB
*AT91C_PIOB_PER = 0xOF;
*AT91C_PIOB_OER = 0x0F;
*AT91C_PIOB_OWER = 0x0F;

// Initialize Inputs on PORTA
*AT91C_PMC PCER=1 <<AT91C ID PIOA;

_ *AT91C PIOA ODR = 0x03;

03> &) b wly o Kus a5 by s timeout iz
ol T Jhiie s a5 oo o2 » Wait_flags 5 sl slag,
OS_R_EVT i, 51 &b ol (2iS5b jlaie.riSen Gasia |,
Sl 0as sl plasl el slagg) 0ols #) a5 a8 e Ol LG
Timeout ol sas o Olis 1sL OS_R_TMO LI, 51,
ol 031 Bl sy, plaS 4l aniis (sl sl sab ples

Sed 0 05lanwl OS_evt_get @ls 5l
@ &5 ogd (oo olatul OS_evt_set &b 5l iy, G sbel sl

] 0D g,u")x.? P S g0

e D
void os_evt set (

Ul6 event flags, /* Bit pattern of event flags to
set */

OS TID task ); /* The task that the events ap-

J
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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,tskl);
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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*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); )
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74XX ICs :

7400 - 7401 - 7402 - 7403 - 7404 - 7405 - 7406 - 7407 - 7408 - 7409 - 7410 - 7411 - 7412 - 7413
7414 - 7415 - 7416 - 7417 7418 - 7419 - 7420 - 7421 - 7422 - 7423 - 7424 - 7425 - 7426 - 7427 -
7428 - 7430 - 7432 - 7432 7433 - 7434 - 7435 7436 7437 - 7438 - 7439 - 7439 - 7440 - 7441 - 7442
7445 - 7446 - 7447 - 7448 - 7449 7470 - 7472 - 7473 - 7474 - 7475 - 7476 - 7477 - 7478 - 7482 -
7483 - 7485 - 7486 - 74100 - 74103 - 74106 74107 - 74108 - 74109 - 74110 - 74111 - 74112 - 74113
74114 74116 - 74125 - 74126 - 74128 - 74132 - 74133 - 74134 - 74136 - 74138 - 74139 - 74140
74141 - 74145 - 74147 - 74148 74150 - 74151 - 74153 74154 - 74155 - 74156 - 74157 - 74158 -
74159 - 74160 - 74161 - 74162 - 74163 - 74174 - 74175 - 74190 74191 - 74192 - 74193 - 74193
74197 - 74238 - 74240 - 74241 - 74244 - 74245 - 74247 - 74248 - 74249 74260 - 74266 - 74273
74276 - 74279 - 74283 - 74347 - 74365 - 74366 - 74367 - 74373 - 74374 - 74375 - 74376 - 74377
74378 - 74379 - 74386 - 7439 74447 - 74540 - 74573 - 74682 - 744511

40XX ICs :

4001 - 4002 - 4008 - 4009 - 4010 - 4011 - 4012 - 4013 - 4023 - 4024 - 4025 - 4027 - 4028 - 4029
4030 - 4040 4042 - 4044 - 4049 4050 - 4063 - 4068 - 4069 - 4070 - 4071 - 4072 - 4073 - 4075 -
4077 - 4078 - 4081 - 4082 4095 - 4096 - 4051 - 4060 - 4049 - 4046 - 4047 - 4051 - 40174

45X X ICs :
4502 - 4503 - 4508 - 4512 - 4514 - 4515 - 4532 - 4539 - 4555 - 4556 - 4585

ULN 20XX ICs :
2001 - 2002 - 2003 - 2004 - 2005 - 2011 - 2012 - 2013 -2014 - 2015 - 2021 - 2022 - 2023 - 2024
2025

ULN 28XX ICs :
2801 - 2802 - 2803 - 2804 - 2805 - 2811 - 2812 - 2813 - 2814 - 2815 - 2821 - 2822 - 2823 - 2824
2825
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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 Af)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 1is 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= h[nN2pQ2t-n) ()

n=0

N-1
w()= g[nN2¢Qt—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.

III1. 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.

o 4000-E000HE

1] 02 0.4 06 0.8 1 o 0.2 0.4 06 08 1
time time
ool 2000-4000Hz

2

o 0.2 0.4 08 CE] 1
time time
odS 125 250HE =2 1000-2000Hz

3

o 0.2 0.4 o8 o3 1
time time
ool 250-500Hz cd3 S00-1000Hz

“o 02 0.4 06 0.8 1 o 0.2 0.4 06 08 1
time time

Fig.2 DWT of the Normal Heart sound

©d 4000-8000H

o 05 1 1.5 z

col 2000-4000Hz

) 0.5 1 1.5 E3 o 0.5 1 1.5 kS

o2 1000-2000Hz

o 0s 1 1.5 2 o 05 1 1.5 2

£d2 S00-1000H

o 0.5 1 1.5 = o 0.5 1 1.5 =
time tirme

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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time time

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 (¢) sound
S2
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Fig.7 Coefficient of the CWT for the Aortic Stenosis
(a) One cardiac cycle (b) sound S1 (c) sound S2
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Fig.9 Coefficient of the CWT for the Atrial Septal
Defect (a) One cardiac cycle (b) sound S1 (c) sound
S2

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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