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Using Phase Comparator Il

VCO Without Offset VCO With Offset
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lowest operating frequency, fin
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Selection

For 2 fc, see Ref.

IIZ!

Range, 2 f, 2L =fax — fmin
Frequency Capture
Range, 2 fc 1 I2 i

m\ 7

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

Vooylews Jgas

Digital Oscilloscope

Channel C

Auto J

One-Shat _‘

CLiFS-CIFE.J 1

Pasition AC

2

J

4

Source
B CD
T |
Channel B Channel D
Source Position Poaition
B C D e R
]
Paosition

210 200 1490

~:]|W

L

2t

NOT 8 )l 5l des ab csls gl ¥ oojles JKo Hlae o3
S ol Sl eslazwl 09 1) 4L (ol a2

Sagseslly Gial 3l 5 s 28,5 Nsge5 10 0)las JSi

I,:u )fl D¢ o3 oslaiwl

oo sl Guils )8 5o jao 63959 L Llaw m.M,:u ST d-
)AMJGOM;D)LNQJ&&Q)W‘Dl)JMAS)KM

255 oo ol i ams 25L 5 RY 4z

www.ECA.ir

0 | A ojles - pos Jlo = 5 yg aloe — Hlae (b



FeFraity oo g5 g B gno

R
(W5
) A come i —_—
— VOOIN PEIOUT =
e LT RS ]
X %F—-— ot |
4.7nk ~ e & &
T -) @
'] e L]
1 =i —
TAH AL .
R1 R2 -
= R2(3) 4
; D)Lo.»:a Kw
RV
P Bp .—
PLTOUT fr—
aeatUT 12
o
Lz coouT = "
o] Hrny
1) — R
T ZENER |2 —] = HUun
R A

|Digital Oscilloscope 3¢

Channel C
Puosition

AC

Channel B Channel D
Position

Saurce Position
B C D
I o

Position i 40 OFF

210 200 190 0

0

o | Dy, | gy,
’/ ""r<<;"_"- //I s --.-f{\;-h} ,/1 e -"'2\}‘1,

T b

; Q) [ Q)
KT o e E il E sk

enable 4.l 05y Jls S>3 (29,5 zae S8 A o)lad JS

A osles - pgs Jlo = 5 ale - lse b

www.ECA.ir




FoFrainy slos p,l5 g 8y

|Digital Csciloscope

KT

23

Channel C
Position

Level Poaition

10 ocg
il =

IRE
10 1 1J

Autn J

One-Shat | J] »
CursorsJ _:' ’

Source
BE CD
[ |
Channel B Channel D
Sourca Pesition AC Position AC
B CD

il
Position

210 zoo 190

JIIC

enable 4.1[.: [SRTY) JL’J).:.CC,JL? ) L5">9)"> C,AJ&JJQ b)l.o..i:d&::

Digital Oeciloscope

Channel C

Level Position = Position

< ' I

Channel B Channel D
Source Paosition Position
E C D e H
I
Position

S0 270 260 2

\e. D)loa»diu)'M@j)?\\b)Lo.wdiw

PLL(phase locked loop)

Ol ;3 a5 il (5l 9 039 phase locked loop & )le Caise
A (o b (53959 790 S VCO G (29,5 56 9 (uils 5

Reference

e Phase Detector ——  Loop Filter _— VO —— P2

veo
o2 ’_

'out

PLLr‘;QJ J}L\Y b)l.o.af:dg..::

L5>~9)".’9 5399 T a5 ol O Hguo C)-.’.l 4.3)|J.A ()'il )lf))lo

\e O)Lo.::dgi:

/\o)Lo..ia—rog_de»—)_”Jt\.lqm—)L,\.AL?l)b

www.ECA.ir

‘A



FeFraity oo g5 g B gno

Jes FL1 69)@3“{M@m‘°&‘il}é|d‘fﬁ9ﬁ)&“’)| [,
(S 933,85 o JiBFCl Jio 0T 5l aien e aslh 35 oo
i 8 S 03,5 o5 4 £, W csla uilS 3511, 639,551
Fe2 o 0T 51 j1a8 olo ol 9 (oo Ja8 FL2 (55, 3> o5
capture range L |, Fc2 g Fcl s o39ame 35,5 o Jib

o LT (59,5 g (o0 Jlecl b jle KT G 4 VCO
o s S &g 4 a5 ol g0 93 56 sl 51 (b
2315 VCO 39,9 45 0l JiSw &0 & LPF K 51 gue
b (639,59 56 5l 5l Olugs (29,5 56 &5 s)5b 4 59 (0
1l 1S 53959 Ll 5 51 VCO 29,5 uils 5 51 1les

s oo Giules VCOAJLPF)|)9AL)|A&9M5)YL0JM§ML&A§9).>}LXJ9
9 ol 95 ,a 4ol b osas e Giulsel ) ol owlS 58 9 0duw)
i ol STl sueS oo 56 Jad el ol 4 a5 g (S 50
CAPTURE RANGE 33,8
— fo——Hn _ A
el Ji3 <Jl> 5 0 5 PLL oS sl o392 Lock range
A 6399 ;S 3 51 ias o 0lis FLY 9 FLY L1, e390me 50l
PDour Ueom,
i1 O fooL  » i i
FD - § * Lco * * o foaur = Fror ® n
01 LE¥=0 i :
FHASE - LOOF - VOLTAGE - | -
DISCRI- LOWFASS COMTROLLED |4
4 HINATOR FILTER OECILLATOR
FEEDEACK -
4 | FREQUENCwY- | %
CIVIDER
170

feoLe [ ] ] ] ]
fist ] ] | ] ]
|:'II}EILIT
UCo,,,
VYoo ke IS5
W
PRI I | | | -
A B
>4
9 -
A3 7] PIN-1 -u—“-—*- Voo
100K K e our Ul gy
Lk Ay p I v & "--—1-.-"—.".1“
T 100t er? || " ”®
13 9 ] 16 . w
40488 ML 13 L. A5 g
PIN-1 OUT Ya 11100k ™ o, 10
[ l 2 12 WD)' M"{ wore JOT0
- e L veo PIN-2 OUT ., 3 LOCK
‘ i
‘ J | 1NA148
—-J ; a6 m:}GD
10K 4
3 4] 1 1216] 7]|5] 8 4 4
kel (O Ly !
S m s ci o L nrg
T L gt T T2 180pf 022uF 1

2| Aojles - pgs Jlo = g ale — Hlae (b

www.ECA.ir

pll AJ’.M)L).A\O b)l.o.a:adi.:a



FoFrainy slos p b5 g 8y

" YT T \ . . . . .
1'5'{"3 Iﬁ' o s 8ee y3 3l H18 50,8 @y o a5 N0 o)led slae I s
M P :w L 283 0 0L 1) Hlae 0355 b O5gy Ji8 it 5 3,15 5,8l )l
n--:’émo—: it 4 ol m 05 5 obsy led sy Ji las o Slos &5 g0 ol 4
- E.L - i_s : yb)|u)3|),:lﬁsu;\bCY QRf 9RYICA~)|L)L9ABCJ)9.»A
%:ﬁi i(;J } M@M‘)VCOWK;ﬁC\gR\xﬂJ
& LT
A = . 8
o s 108 PLL ! s3lizul b dig03 sl ke
4
[o_To T2 T Ol gtaw) awils 3 sla oSl aiz -
" 1 . .
e =1|l::1|r.‘ﬂ 5399 9 VCO ST O UM.;K)B ko e ol e ui‘ )
TOA *;.I 08 MULQ.Q).)de(quQLw(}.éC,Jb)J.b',LL?..)).uut;)ll)
[ . . . .
-‘51 » 9Y’6Lﬁ4{l{wwl§)so.xufwﬁ)luﬁdu)mm
458 - * Do | o oo date Tl a5 sl (29,5 9 3,8 o0 L5 Al F
H 4 7 1rn él ]5 [ 9 o
[ oa% 35 | = FM Ogew¥oe -V
L2 5 o oo eis I aials Golul s Gl )8 09 FM Ogaw¥an )5
7 o sl VCO G FM 50 i 0l o0 25
— _/
V8 o )led JSCo

Digital Csciloscope

£3

Channel C
Paosition

ion

i

V8 o)leds JSKo e (29,5 0 VY opleds S

Aan
one-shot |
Cursors ]| '_:
Source
B C D
[ |
Channel B Channel D
Source Position Position
B C D
] o C
Pasition ¢ 20 34| opr 0
PRy, | D, || gDy,
v AN RNy a2
i 10 2. 20 2. 20 =
L ‘))" I-:"j"-. J)): I.j"-. J): §
(] '“‘-—-"#::-:I 20 el z z — z N
J 3 |2m U W |5 my W |1 my |
N
FM Ogesoaes -V 1
LPF S, 5| oo oty PLL 3 4 1) o e JU&s 51|
(A ol JK5) . 335 o KT ply JUa ats g | 3
n
<
Wy a5 il 3 Jas-F |
!
<
www.ECA.iriY-




FeFrait s oo g5 g B gno

~ ~

L1 . AR
FREQUENCY -
1% an EhARAR A
:L: 1 1 PN
o . : — - [
(il N Pl
NAST Al L b2 —
3 13 > b
Flendiac cossie FYWA—G |7 FULL SCALE ]
L1
AL >
<z U1
> 1k X
INTEGRATOR B —
L i
FTT
FREQUENCY & PHASE —
DETECTOR Vour
45 VOLTS
l FULL SCALE
Lo 1]
T 00 001 ¥ o
13|
- 14
22 u| #2 -
 wTO-FCONVERTER ” / ;L“
1uF
W o0k T T vantaium
1 220 = =
.' . '
i
our 1 b3 P
| >3
L) 1 5
8
FREQUENCY 1
DIVIDER Ima' o '
| R A
IN = 2 y = -
fouTeuT .
10kHE
FULL SCALE N .
o L VA o kel JKo
J_' 490 S S
L 1o S <

— AN
\_ = /
Sy a5 il 8 has oV - o)l S0

igital Oscilloscope 22

Channel C

Lewel AC ’T Paosition Paosition AC
sc = | Fag 50
|E 100 i =
1 110 =

Auto J ”TT—_“‘

OnB-Shnt_‘ ’X'V'P . L \

CursclrsJ' | {1

Source 10 —) =5 |f] 10 }

B € L"l ;-;n)] --..___,.#" :-::’] --..___,.#" 2
m W LT W i

Channel B Channel D
Source Position Position
B C D
] [
Paaition ¢ 1
1n 200 190 [ |m,1_‘

| Y

A o)leds Hlae (29,5) 19 o)leds JSKi

Wl osi (w390 T S phad (51 48 3> 45 goso P

a4 ol 4 1 L il o a8 (HD 85 -X0F - ) 5l b stsS” b oliy prans 51 JolS” (6l ac gaa e Colection. 3
.))Lw g_Jon ul.»..J )K)M gg) | l_ﬂ:“‘:z
lgm 09 9 zoe Sy 90 45 55 0l OLE e ()5 e 9 0 e “M o 2 ‘H i
ua).:).v)goo.)u.u)}J|)ML5LQJJA)JUW)AM®J: ).Ag_) goLu F e 1:!_‘!“!__“_
.L)I o3l 4.»')' I) Lfd d,.@' L;ol.o.‘ bl),g_ﬁ | - _m
le“-é)’)lf;:-oﬁ'—ﬁz“-3@Pcﬁ;’-oflwo-(uolﬁ)crz;mf)-’)f'y@W@Mwlhy Bt ]
"\"9‘” L}JJ""’ 'ﬁ;__'.’q}*-._-.__,__h ke T
ol 4228 ] 5l 0L 4 5 DVD s § B 3 dcgarmo ol EEPY
Ar /

http://eshop.eca.it/link/449.php : Lo Sloesgs

Ao)Lmﬁ:—rogadL»—)_”.}A.lqu—ﬂM@bL:

www.ECA.ir

-
—




Ugawdg o

sy 13k o 55,05k ¥F st 5,15 udlS 5
s cw o Jlo)l gl )V JKe lae 5e0 salgs T=27.777us
Olgie a4 390 Sboul JSow #F al> 0 8 0 LV L
¥Y bl Ll - cw Jl)l @l Jle
MY oley wae s Gulb
ples Jloyl 4l 9 oo
M Sowd s g

Jlosl 355 5 RCS SS9, b T 39, cnl plosl 31 baa
23 JSS9 0 opl @l &5 ol Slasl (o0 Sledbl cdlys s
Jyeol & S 1S 35l s 39290 BASCOM-AVR LLals
Sls o0 a5 Hkilen )1y oLl JS5o 0 ¢l 5,5, 5

sly C ol & JSyn ol ly

CodeVisionAVR ,LLals

Cass 39250 V2.05.0
el Jds oren 9

03 e &S S

ladlie o,

4

/‘I’JI / A

—R@5 ol 0
S s

s |

Ol 8

b cw

o e

45 Joe o

M gl & &g ol

355 24055 (gl ad 450 9,50
oL TV a5 5 Keo MS s 4y 2 5
g o0 dade K g Lho Sla g0 b g )l
oMbl 5l |y eV E S5, ol crsilsd 5l oslizal b 1L 0551

o) g

M@mww L 6 Jels
Ipicpars@gmail‘com

by g s

JSon ol s

£l

Wb,y o a4 boaslsl s

035 18 Comnd 9 00w ,d Comnd (g

Sl r,.:.ml,y‘

RCS osiiw 3

: Slogas

(giws S Y 9 sl cw 0) can VF Lo e J5 slows 3
JEMESVIE SRS P P

508 YE Jul> sl 8 5

Ve ol b IS £F) 4ol e VYYA o col ole) s

(5,85l

www.ECA.ir




4 1\

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")

IRoutput=0;

delay ms(30);

}

A J
g 0 2l @b opl s &8 Sllee
3909 Olgie 4 1)) 9 add ,laie dec_to_bin(add,1) &b

&b 2gh oo 03l LB e cpl 09,5 s Rb 4 Joas Sl e
2,5 2algs Joe & pgo (poa 4 55 dec_to_bin(com,2)
JUad (5 sl poo 4By (5l 4 sginws 37 5 ool 887 s Sl oy
toggle s s 9 395 o Jluyl Vs ¥ 1ol OT Sl a5 00
P9 (0

&b lade 5 0ad Slysl 3 command  address b oSl
._;).wl)w Aidg ) ):>| )39 D¢l (8 PRV g 9 ood | eads
QF@MAM;LEDMM@QP Gl goad Jb 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

www.ECA.ir

SS9

Gl Jl)l oo gl ol ool osls OLES ¥ JK5 )5 &5 ehilea
Ol o s do dalsl )5 a5 0ll (0 YO g 579 -0 uysl &S
.c,o'bﬁm.mlp

0 K ddues &5 s el sl cw Yol olel sl e
@ ol cw Jlopl sl VK slae) Lgh o0 as 3 b
S Vo (goe s Gl YT a2 Gl Y o5l
el ,o a5 il KL Lao wilg (0 a5 ol 3,20 Toggle
Sla o 4 bgy e S oy iy sl 0ad a8 I b s ko
sl cw o A1 05 5 AV 95 500F la can (s ks ua]
Deb o0 Jlo)l i Heiws a Giub a5 1 F 91 P91 Y91 Vg1 - 99
ﬁ.}&:jlL(ao_mw).éga)f}.ll.o.uélxw)aTﬂjl:w)onW
4 his OB 05,8 salys o led Jle Olgic 45 9 oo 05latul

)li.oo)lf.,\.z.?‘sml{u;)alg.M;éwli\/u.o)ﬂ.\fl{kslom)é
Ak o0 ol Sl (S OBl L Ll iy pa g ey CD e
plosl |y pelicn Joe clo 93 50 53 U8 (sl 2851 s a8
> .. Play. Stop. Next. Forward sla ads" asle was o0
o s [ cals el a8 alises GupoT slass” Ol b Juol
o] 388 Ll Calisee isu 95 )3 Glala als 1 a8 s

ALYV Gl lgs e

i iMsB
51h 52 T e Address
Start bitz [abwayz 1"

s

s3n oolital o 0los Jl (slys sies 55 51 1rgis psgin
35Le) 35" sloml 05z (sl A5 FY Olg5 oo la camy ol b &5
Algs s gies 35 (g oyl wo)lsale 1055008 87 sl 2l

WP o R
adl (5355 & dalsl 55 ayad WsT JS5s 0 ol owlsd b Ll
malg> CodeVision Ll by C obj 4 JSS9 0 cnl s

03w 9 (g g5 dali 2

9 sendreS ol )5 (Ko ledbl Jlo)l 9 Gl g5 Yol e

59 &ly plo @b opl 593 o &8 Wlbie yaa L6 LJB )

polss @ls 5SS g pd 4 b s & spd (0 SlsB8 s
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command 4 address &b

~

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

}

A\ J

S johilea oS o Ay 1) jgiwd IS 5 Lol oS &b 9> ol
S slizl b Lol 55 Loy 15k 0 o O (53> o] A5 il o0
6l e Juols a5 GusoT a1 3 39290 sla e fOr ail>
yGy gslmc,f)smsels)gg.r,:;{@dgub.\&lngl.?\”
g oo Wyse 25l oy 8l oS
a4
#define IRoutput PORTD.0
225 oo Jlnl osiiw 9 LED 4 1) o0l dlge g a5 (29,5 om
o 79,5 Olyie - D o Y oS0 &5 Al (o0 ks JiB
ol Main wb )5 a5 595 azes aliue (pl 4 b uices il
gl 5 (79,5 Olgie 4
256 @b Slyzls 5l o 55 ooge 4w hsendreo i
9 (Sly>l8
#include <mega8.h>
#include <delay.h>

#include <Header/sendrc5.h>

Headerpl 4 sl aiy )5 hisendreo L o35 cnl ,> &5

Sogo 4 b &S agh iedre) )l LB 059 ol e o
(59 (23 ool T

o yosl 53 0 Sy
TCCRO=0x01;
TCNTO=T;
TIMSK=0x01;
Jia b pasls o35l 5 0 sl K I i b sl
ool 52) e Ay Can et D90 0 IIEL T e asl
g o0 Jld s
dge plae ) oledbl b job 4 coles (o dal> o coles oy
9 o Jl 3

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

}

Y giws 35 90 ol 55 5 toggle=0 o asb L O+ a
s Jol

dec_to_bin(unsigned char a, unsigned char op) &b
3 o OF 5yl doles & Jlowws 556 o5 @b ool aicbs
L s o b olyed o5 0T oxsladl 5 ¥ s e s Sl ozl
A smas plasl Jol o o3l plasl |y Joe ol 0Olss (50 23l (50
ailo Sy 5l eolitasl b a5 (Cy it = ol ) Al oo al>
o Dl =T yekin izl 3 ol osls plasl 1, OT (b while
5 Ol Sl azly S ddl> Sl Slhgiws szl b ,a 50 9 59
politl 4T 51 pie o Slsnl sl i J5hs lae 5l 358 o0
b,s 5,8 )18 QT 09,5 a> 0 58 ) (oo 05leudl G os
a5 al> o o5 Oal Lzl 5l ar a5 ail (o cde ul 4 YOOI
Sl cwde 09l uiie 052) dw p plosl @ dil> ol - =1
Sl sl 0P 5 (1d Jalys YOO by oS o5 - 5l asly
oo sl adl YL lhde lgs e a8 aibe sl uaie
2 S| Jlsie Sloss plil 51 any aSal sl (b s il 5T
i e g 5,8 L3 AbT Lo Kl 1)l e
G LA sae wlgae Eadge 0L 5 by) Slp) Kgh Hho

(A paanis ¥y (G )00

Ao b didy s
4 N\
interrupt [TIMO_OVF] void timer0_ovf
isr(void){
if(g==1) IRoutput=~IRoutput; //F=35.7 Khz
else [Routput=1;
TCNTO=T;
ct++:

//Delay for 14us

} b

A\ J

o Sl 38> slash 9K F ol Gl bl @b ol )
oo 515 45) 39 43 5,0 YA S 5 6 2 slo] S
Ol paal 500 e 0L e 50 (Bl @By (s b Ole) el &7 55k
ol G b S g0 pwgSan ) abgs po (5 398 (0 2] &6
A>ly K C i 4 uixed 9 9 A (S35 a LS VOV Y
dgi (o o 0)L9d TY sl 4 Ol Sl dr g 29l o0 adlol
S Sl 0 g s eiie (Ad Con OgawYgse Caawd )
5 a5 S0 AR 4l 3 25 ol LT el 035
ol 00 oslazul

modul_1 3 modul_0 ot

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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pb & wllaz o b K s | adl e 035,85 Sledbl
&0 ol 4l 5 bl opl Slgsl8 b as” plaziy getreS5.h
A8 ooliwl O @b 5l asles

a5 getre5(); b

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

#define IRled PORTD.1
Blosds iy p25 (5l Spge0 4 a5 add | com sla oz
IRINput ¢y aib o sgiws 35 5 Gyl 35 03,5 0,055 @l
s IRled (o a5 9 il (0 005,851 Sledbl oulys sl
g abg) Dledbl bl s @ge )3 b 0uiS o Juog LED
o3litwl gsle s )oY b bawgs (385 ,3b sbul sl @b cnl
1350 Lot a5 2bl (00 29,9 bl SO 6ol @b .l 0ad
3,85 o3 b TCNTY o5 less )5 ol

~

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

- J

getre5(); a6 vg,d
startl G 2 ) 9 dgd (o (SN 0,50 b o el}' slawl o
S0 LJ'“JL! ool Ol b5 rlMabMﬂDé@' LsLm).:.:.’_u
StAI2 oz 2 4y 28k o b o5 ()90 )3 9 3950 (52
(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;

FEOACF1

PEIOCTA

B3
3]
A

L

FEGTCSC1HTALY
FETMOSCNHTAL

IRled=0;
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Iyaze b g cwlosls ) ol Sledbl u.b|9:> e > & if (IRinput==0) goto start2; //wait for frist low
g0 g;Ang).) Sle bl pulse
b getreS.h yua i Lot o el B ledbl wilys sl | goto startl;
9 (b b Slesl 8 5l aa ad) as” Slesl 3 aal r slawl )s
Oxlys 4 £ 0 main wb )5 getre5(); gaws Sloslizul b any  start2:
S Sl IRled=1;
delay(215); //255-40=215 1.296ms
) ¢ _ I for(i=0; 1<=6; i++){ //read frest 7bits Address
a5 cal ol K1 b b s lg5 I > >
y o > )fm ¢ J) JPJ =i f)wy ’ d-m in=IRinput;
o.b).:fl.gRCS o.xlﬁu)sd.g)‘l.:.’&\féhjg).;liubﬁ)a)éw add<<=1:
Szl 52 a8 oal Gl L s 298 Eolis 06 asbn by a8 delay(201); //255-54=201 1.728ms
Al eolitul (Lol aeb o 55 O @lgs Sl aslys (o0 4l }
add=add&0b00011111; //Cut off CHECK Bit
for(i=0; 1<=5; i++){ //read next 6bits Command
e in=IRinput;
http://www sbprojects.com/index htm c0m<_§=1;
http.//www.ustr.net SO =i
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
H

@UFS@M@U&@\,Y‘W el s 39l (sa 00> £l
CA:UO‘.)943(5A|).>|)laV4§f0rkﬂ?;&l)b.&z.:g.k\f)’.\.cdgl

)|)§ u.u))T).x.;JAC)g)J PR |) |D9)C~“..t+t0gglec_'d.:.g+ u.u)JT

111

ForADCD

FEDNCF

24 = - g,
pom e W
ALK WK
L FCAADCE FEMMIS0C2
FOAIADCASTN FEAMSD

PCRADC ST PESE0M

PCERESET PEGTOSCAMTALL
PENTOSCHNTALY

FORXD

FOAUTED

PO

FDATT

— FTKITINECE

FOET

FPOEAMD ARCF

FOTAM AIDT

AN AR

WA, plCRars ocom

~

035,85 Ssles - 0 JS

4oL S urie lgixe )b 58 9 a0 (o0
oJ&b.&-,»‘.&iAngM.)GAw Qs A Caows
m.e.:»«al»fw;l.u{.mx@ORom
)JQM@ADN”’\\\\\)'M[{I)
|)LQCA¢44¢SJL)»).)TQ¢QOS-).>4JJA£
51 eolatwl b Ioase anlsl s r,.:..f@,o..o
9ox|9é|)oﬁ4¢3)a?lﬁf0r¢tﬁl>g£1
PR P’»‘Q‘)LSA)l); 9w d .)5);:.55.1»()9).)
0 & )92.:[4& w0 awslis add peve oy
Jlagws £V dslee 5, 0b YV l"’"db
)f))'.go.x&o)ﬂ,és.xc)ﬂwﬁ.mlp
sxb paalys azsme Lo ail e ool Sl

www.ECA.ir



- clids

AO)L@—‘OQJJL»—)_:;:AL;M

AT91SAMT7X256 Header Board

lrzaii colw g

oo irs | | ATMEL || JTAG
www.ECA.ir .

& a5g5 b Jusl o8 8 ATIISAMTX256 sl J a9 ,San b IS g asl Sblsel L ARMY (sl J 2879 San 51l ol 5
)ngl.wlé)f)lﬁ&ﬁpm@owoﬁoﬁf 690 &S a3 )15 55 BLbl s yaa g ) 95 09,5 Odg b ) -
52099 USB 55 . il (o Juog s 35" ol yan 43 USB 55 32,b 5l 9,50 5 3550 55 opuals Slsl ol 5 50 el sl e
ol a5l Lgn 35 1 9,500 USB Ugsle b byl 5 9,500 03,5 5l 591 cgr SAMBA bl + 5,Ken 53 3590 51y puals

AT9ISAMTX256 5lul ol 5, lasicn dods

ATIISAMTX256 g 589 ,Sn (s)l35l ol ) g Jlae J3las> 32
woled s 5 4 (29,5 69909 sla 4l ("L°5 >95> shls
VrefADC 9 ADC L_;Lm 4.1Lg [aLo.‘:' ,5?9)5 LSl)b ¢

3,33, 69)ﬁoﬂm§;uwg7~dolial 3%

s 0 9 VY lasllg SIS shls s

Q.'\it} J.mg 9 6195 .).:.K LSl)b %

]TAG 9USB sla g QJ; Jlesd E 9 Jkes olKal 5
SAM-BA ).4|;9).3 )l o3 latwl Ol 52

JTAG <9 sl)ls

Gy IS (slls 52

pigm o 3l 02lizl L ERASE 5 JTAGSELT TST (slo aly 8 0lSel #
oass ShHE ole VY sl sk
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0592 cpl o
bug gl (o
AT91SAMTx256 ,) ;89 Ko
abil> sla o, Gl sk Ll S
Kiles 3o L6 il sl w2k MMC
5l o6 0lys oo 0T 26 3l o3zl L 45 canl 0 630zl NOG
3 e 5l I g gz uizen 35 5L g ol ) la adgs
2l [al:ge.ﬂ B ol 00 o5kl AT9TISAMT7X256
s 55l 5 05lizal Keil JLLols 51 s 4l s sl
: FlashFS sla S 39 slp FS_ARM_L alsuls’ MDK-Professional dxwgs
File IO wllee (sl ANSI C 5)lwbil jloslizale 5 ROM Flash ssle 5 )luslial 3lo 0,55 sl b bl
sla )5 s NOR s NAND ils sla alisl> 3 Sluido & oslitwl b a5 5,05 5929 SD/MMC/SDHC abiil> sl o ls
SD/MMC/SDHC a Jb uis 9 0nlgs 0053 bnl ks Sllee Olgs o0 O

- D

Standard C File /O Functions

SD/ISDHC/MMC

NAND & NOR

J

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; {

Siwo 1L, sl 5 a0 Gaseiee 1) B ojle fileID iz
axly S urie opl Adgy b (BB G 008 1o UL L b oogd
Pl B &S A8 oo pasine A Sexiw o 9 M (0 LRl
Slyr clio ild Sl sl sl oad plasl gaiu ol

fd S S8 55 gz Sl Ol (o gt

s g9

u“'w&%léfwélﬁjw

Pattern

"nen L’ "

"*abce" Sl o g9, abe b a5 bl oz
"htm.*" 35l oas ples htm b a5 LLLL (seoin
"abc*.text" 43 £or4ADC L o Gkl sy

Ll o plos text

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

ks pb S 39 e eslitul LB G pb uis sl @b ol
)5 newname ,ul)l ,3 232> 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 68500 o

Oldee )0 Wb e 4 Oduw,y sl G- L6 Sl eslatwl o
oAb 9 Oly>

ciliseo abil> (> 4 Olo ot (aw iuwd @

Blas Guiwd BL abols ol 5l oeslied gl s
25 s |, RL-ARM

oslizwl FlashFS abuls” suw,Xo sl File_Config Jsls
Spgo 4 1T Olys o S Wizard 1 eslizel b a5 39 o
32l 9 okl 5)90 sla abibl> LG cpl )5 ol plxl Sl S
g (o ek K00 43S Nz 9 608 Ll

s ly (B

int finit (const char *drive)
Gl abasl> 098 (oo ool la abdl> adsl 51l ol sl @b ol
st Lateien Arive i)y buugs op)ls 1, oF 631l ol b oS
)3 48 o ki sl)s R J3 NULL 1, el cpl ST 590
as 5o by ogd (0 )1l el cnl 0 il ["'«“L""'. G o b
ool 390 Slesl b b Lix @b ol wles a5l eslaal I J
ol oael Y oplas Jgaz yo gy

int flind (const char spattern, FINFO s¢info)
4 a4z b C:fls ol g (0 el Jb (sezims sl @b ol
[alqa,l ) g Jos 39 (o0 opuans pattern o)l 55 a5 (s ,als
B3 0,3 1Info Jlisle s 1) gotms s g 0ol
: Cawl 00 s 5 5 & yeea FINFO sl

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

LQg{l).) Lf“l""’l ) O)LQA: dj.X?
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bl o9d (o0 oolital B ol Sl el ol 2z 0lys Gl
o ookl as sales o33 O ,5 Sledbl a5 (6,50 4, buffer
9 Ak e ya o5lail 4y s 5 4 count g size sla il g 8
S e s |y 5 salys onilgs 48 e ssly slaws

int fputc (int ¢, FILE *stream)
SS90 (oo ealiwl h )5 ol O g sl @b cul Sl
Ao ygu0 > S (o Gatuine C el bawgs dgd aldigs L aS
01 g S b ool 39 plonl caws b idgs Slibee
a5 oo S 56 L EOF Hlaie & jgo ol s 5o 9

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

count, FILE *stream)

o bl )5 e 5l LT K pig slp &b cnl Sl

S o3lul & size jxel,b s 5,90 4T 4 buffer izl )b.sgs
S oo 0ylal LT slaws 4 count g )T guac

int fclose ( FILE *stream )
025 5L fOPEN b bawgs b &5 L iuw slp &b ol 5l
gainn 03] ol

: )l.\.ﬁ -_XQSLAJJ

int fdelete (const char *filename)
filename jual,l a5 598 (o0 oslinwl (6 G B> sl @ ol

FILE *fopen (const char *filename, const char
*mode)
filename jual,l 558 (oo oslitnl 6 G 05,5 5k 6l @b ol
S 0 0)lil Jobb &y g s g5 4 mode L)l 9 J6 ol @
g5 "W 0T padgs sl 9 T L 31 b 0lss sl
S ol b Syt plas tibgs sl Job 0 5L L sl ead
L b "a" Ll bl asl 5l s oledbl Sy 558 oo
AR @b i85k Jlada )s oad 5L bl oS 5L e sl
3,8 0

int fgetc (FILE *stream)

gl (g0 0oliul @b cpl I LB S ol 4 ol oslys sl

plos a5 900 )3 S (o pasedee |y 02 5L 6 stream jzel)l
sy salys iS50 EOF w0l ol 155 oslys L6 sla <ol

U32 fread ( void *buffer, U32 size, U32 count, FILE
*stream);
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3 opl o Jeil o8 0 ATOISAMTS256 sla ) 879 ;Ko b ) cgr adgl LIl L ARMT7 sla ) 8y e Slasl ol 5
S5 51558 o Jlasl 5,0 5 5 5l Lad 568 W s 0090 A, SO e a5 g 09 s ) 3,905 50 595 0 38,5 18 0Kl
).gog)l.t:USB Q)ﬁML@JaﬂpéQJ.:KA'M%USB Q)%@)Jo)'lg).iyo)'kjo),ﬁjLﬂgwﬁbjl.xshl).)ﬁwlL;U}o
ol s Lgn 5 1 9,500 USB Ugsle b byl 5 9,500 03,5 5l 59 1 cgr SAMBA blsl 1 5,Ken 53 3,90 51y puals

: AT91ISAMT7S256 x5l ol 5, Slasuie aoMs

ATIISAMTS256 )5 589,50 55100 ol ) cagz o J8las 32
oled i 5 4 (29,5 o909 Sla wb ples (29,5 sl 3
3,5, 69)xoﬁp.:.&1um;,~asol.(a| 3%

s 0 9 Y slasllg Ty sl sz

@5 Juog 9 @b oS sl

JTAG 3USB sla <9 03,5 Jlad a9 Jled OlKal 52
SAM-BA ,al 59,5 5l sslazwl oISl 3

JTAG &4 sl)ls

Camoy Ml )l 32
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s N
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_I;
if(y1>314 || y1<5) y_1*=-1;
tftlcd draw_circle(x1,y1,10,1,RED);
fps++;
os_tsk pass();
H
}

e
-
\ ’ RTX Jsle pius sla oklB 51 paalys o 039 ool )3

g 98 S Glales axbo 59, 5l Jb g5 Yoo B o9 (0
X\%;L:,&Lf&‘qépX\ng)wbw

" UNEEW WENEEW
'l'- HENEY WY ENRew

o] oS 03l LCD NO96 (59, 1 cpinassl Ginles sl 0
S, 48 5gr dalys LCD (69, Ky 095 F oS > 0ai sl
Sas & 5ol b dalys Jyus8 Sws S by b gl
ol K el el S SIEF a5 canl oads JuSCis Lol
Slesls 45 by o poxiy Kuas 0l alys Gloled 9 <8 > ) la
93 S1o 28l (o o0 59, 5l b O sgae Sl 6,89l sl Y
28 dalys pose | ol o8 o gz A8 5555 0 00 b ogs
w9 dgds slbwl task_intel ol L P s a5 g0 )
task_fps Kus 5,8 salys o8 > (Kb Slawlxs 09 la
;3,3>|.us,?l..>)|.>o4cxl)4¢3ls).>hﬁpalm@w@9
)A)gé)jafébp.l)éﬂmw)g;,&ML@lu)'l.).ﬂl.:hb

Al sl esls ioles asl

o 55 3l oK 4 g e K
9395y 9X Slaises xils a5 Gl urie 93 b Og5 51 K ja
Glajge )3 8 o ey 9 Sz SIS Gl K5 puate 93
o,lol RTX Jole (e oy 9> &S S ghilea .5l Y 5 X
25 .35,8 )18 colpw dal> Jsbb o b b Kus ol jgrws 2l
P‘u)‘fpéxé@hm)a.&@uoﬁbu@lxgl&dslﬁlﬁ
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syt buwg e co) b Olle 4 by Sus o
225l o 9 S (0 ol sl sl G sla 5 os_itv_wait
Mﬂw L loads oals Gioles la g5 a5 Slads slaws ails

RS (P owles la Ogs slaws 5

AutoCAD Electrical 2011

S U8 Shlas ol g csle 6l gols &g AutoCAD Electrical i3l p <
AutoCAD L I3l 5 « AutoCAD oslgls 5)1580 p 5 ¥guame Ko aiile sl 0ad 4zl <)
0les 5 il 6l 33 oledbl laa o1b 5 J,i8 sl sl Gilre @, cuhklb Electrical

"l b o) Sl o)lgen (U s Shlae (b 13l e 5 o 5 gakaie) Electrical
il @ gla Abls” bl (S5 Ol s sbul 5 ogde 1580 p 5 (2011 s &5 e Ol o

5 .\..::L.:.A UR D S 32b1t LSL“ )99 le).: DVD 93 g,JB PR )I).‘)' [0).: U‘-’-'
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Etap Power Station 7.0.0

Gl a8 &35 Gloetow 3IUT 5 Judow cga dies 25 158 £y Etap PowerStation |33l s
s s 43d) L 4 Sliagens Sl s> 9 Slasiie Ol 6l owlie (Library ) esls dlsols
S Sle 3550 51 (pdry 53 9 0203 3 s TEC 5)laslinl b golhae )l530e 5 cnl ccanl (S 58l
Slallas ples 15810 5 ¢l a8 b il 03905 03lizwl IEEE 80 asle 56,55 slas jlasbnl 1 ¢yae
Eu..a, calox 5l g9 00 OF plxsl APTRP540 s)lasbial polul 5 a8 ot
S90S slaygige silalely bl gy (Bl slad), o SKalea olgs
sl plosil 4 s

sl laolona oy
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Qham)flafo,&ww)ﬁole.w.;;.mlpcj);
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g )l LCD (isles axius 039350 1 L5 (30 &8 > o
055 0T 3l w9358 (00 plsl Y uie sl 803 1L a8 pren

g (0 ) NI olaise s
Sl st il 5Ll (oo GRal8l sty KPS e Jlade e
soimwd by O 5l a9 oo oolizul la L slaxs ol
plos K a5 59 (0 0305 #MbI Jale piucs 45 05_tsk_pass

sl 0%

| 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;
X 2=x ,y2=y;

os_tsk pass();

j
b
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sl 2 Phb e mls aab Ghigel ol Sl Gise sl
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 25b 423ls 18 )l e yies 53 2k 5 OBl LIS pla
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Lol gs w15 5l create wheel g4 51 26 ez 4 Il s
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Task 3 Executing

All available tasks appear to be executing ...
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SAMT.S T &kl aowl ol uuzs ¥
IMPORT 't SWI_Handler B SWI_Handler x5,
SWI_Handler

#include <rtlh> asb ,, Lol oj9w & RTLH L6 Gl 0

o Jolels JKhe 09 039 1 290 plasil awys Wb ol e S
g

Cawl 00l a8lol 039, 4 a5 RTX Conf SAM7X.c b
Of 03,5 5L L oly (oo 5 2k o RTX a0 K 4 b0
ons ol 4 1T Galise sla Gise olabis Wizard by
(0 o)l yuSe) .als

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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| ARM-Mode Ea
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(Froject o 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

- Tirner tick value [us] 10000 Tick » e

[=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
LI R TF—
Eer. €. [ (3F. |04Te. Text Editor }, Configuration Wizard | )

0 o )leds S

_08 &b 5l Sus 393 Sl I Sis K 05 Jled e sl
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D> Ol Sl las @b, b e el 4 Sus ol a5 544
Ol Goils sl sley gis sbul o)bgs Kus ailey b g 39
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g (o0 plouil (os_tsk_delete(OS_TID TID &b

(05 Kadz) ¥ oo,lodd d5g03 dnls 5
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task_init us g ol 551l ol 08_sys_init &b by Jole
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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
¥
¥
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E— sill ol g adsl as slaie sl 0s_sys_init() &b
26 ol by o5 s osl OT 51 Gy 9 39 8 03lisal Jole
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OS_TID os_tsk create (
void (*task)(void), /* Task to create */
U8 priority ); /* Task priority (1-254) */
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Wbl s gl b sla (Kus dawgs 00 sl s b ( for
s g oo oslitwl sdal i) 50 a5 6,55 e, Sl s s o
pasin 3B Oley 0S_Itv_set giws Jawgs laml gy cpl o
ad) e Oloy 0s_itv_wait &b Jlys13 )L a8 by 290 e

g g0 8 ol 5 3l 5 0ad dsmalos ole piases buwgs
( task void task1(void) A

{
inti=0;,
os_itv_set(100);
while(1){
os_itv_wait();
for (i = 0; 1 < Ox9ffft; i++); //process
*AT91C_PIOB_ODSR "= (1 << 0); //Blink
}

\} J

oslizwl Keil sl aus 5l 0lg o 395 sla aal p s sl
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OS RESULT os_evt wait_or (
Ul6 wait_flags, /* Bit pattern of events to wait

for */
Ul16 timeout ); /* Length of time to wait

for event */
N J

' N

__task void task1(void)

{

}

| task void task2(void)

}

inti=0;
while(1){
for (1= 0; 1 < Ox7ftft; i++);//process
*AT91C_PIOB_ODSR "= (1 << 0);
/Toggle of LED1

}

{
inti=0;
while(1){
for (1= 0; 1 < Ox8ftft; i++);//process
*AT91C_PIOB_ODSR "= (1 << 1);
/Toggle of LED2

}

J
O A}g.a_.n dLL‘) |) )K.’.') S 93 9 b.); LT?B)} |) ML:).: 2
s 42 1) 595 3 Shae 0L os_tsk_delete_self b Ly
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odis iy, sl sbel sl (0s_dly_wait(int tick_num

8Ly Tick slaw 4 Kas o g3 o Slesl,s ,a by ol
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b9 6 461 56 L LEDY ualysy asiliz YU sl o

D9b (8 U29E p) Dogo 4 dbg e Sud 358 (lgels

wilge a5l oo 1o Tick o (5,000 Ol 4l 4 a2g L

S oo sbml sl asl ) o3lul 4 (V- 2 )os_dly_wait guws

ail>) Lol 4315 aasgs 005 syl u56 Olye 5l 09z Joe 43 Js

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
}

b
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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}'mh-:uls Event Viewer RTX Tasks and System

J
5 )L‘w Jss
Hinclude <AT91SAM7X256.h> 03ls &) ke sl o0 Sus &5 Gl L Tas timeout e
#include <lib AT91SAM7X256.h> ol LT Ll Kus &5 ola o= wait_flags 5 xles sl
#include <rtl.h> OS_R_EVT Ll,; 51 &b ool (22850 )lade.aisn jasin |,

Sl 0as sl plasl el slagg, 0ols F) a5 a8 e Ol LG

| 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);

g (o0 03lizwl OS_evt_get &b I
@ o5 29 (o0 oslinwl 05_ev_set &b 5l slag, G slul sl

task void task_button1(void); T R
|__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 O; \ J
}_task void task_init(void) ID & OS_TID 5 355 Jus 4 & 02 & event flags
. S o )Ll abgrge Kus
// Initialize Outputs on PORTB
*AT91C_PIOB PER = 0x0F; 28 95 9 PBY JIPB- sleis 4 LED ez 059 50 G )o s Jle
*AT91C_PIOB_OER = 0x0F; RTX 5l bzl b.3il o0 Juos PAY 5 PA - sla oy 4 5)li
*AT91C_PIOB_OWER = 0x0F; asb ¥ 9\ gl w36 L1, Jsl LED 95 &5 dpngi (sl 4ol
// Initialize Inputs on PORTA 95 35 1y 6 )lid Slaads undy Olojen o A osels 5 s,
*AT91C_PMC PCER=1 <<AT91C ID PIOA; 185 0lis @am LED
_ *AT91C PIOA ODR = 0x03; ) '
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| 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

}

(&

J

ooml )3 s Sosme SBT Liwgs oad dibigs e I ;555 b
ECA cslw ws sl

AVR-PIC-8051 s ¥ oS 9 S0 s 039 3 45 9ok
LSI)-.‘ Ql.”:‘uhsb B9 S (29> dé)mgéﬁfol.l)b Sl ;_J,Aa:un ol L1 Gsa
8051 5 PIC 9 AVR sla 9 Ko caliseo sl 5, b 05645 sla 059 0 plsl
AfoMLs)gTJ;oA& (G wd Oy 43659 O ¢ )'|Ui‘.g4.cw(ﬁ|).>.cﬂu|
oS Olgamiils (6 9 s Ay B 9 6 S ol @ s 45 Nilgin LT )
el 525 LI DVD (K LB 5 s gare ol ules bl

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

' N

*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);
b
}
| task void task led2(void)
{
os_itv_set(200);
while(1){
os_itv_wait();
*AT91C_PIOB_ODSR "= (1 << 1);
b
}

| 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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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
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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.

I. 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 I'V.

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(t)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//<S,1>(t)=1—w([_rj, 3)

[s| > A s

wavelet

The factor s_% is used for energy normalization
across the different scales.
Wavelet function in CWT
following properties:
Admissibility Condition:

C, = j? d ()<, )

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

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.
jz//(z)dtz 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 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!
00 (7)

() =—2
Vi \/g 4 S({

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, =1. In

that case the Equation becomes:

v, (0) = jz—jw(t‘z’izjj ®)

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:

o0)=> h[nN2pQ2t-n) ()

v(©)= X, g[nN20Q1-n)  (10)

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
SO on.

syl Py L
Ay 2w
Tl LK Wy D,
liju|
binh e e
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.

II1. 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 ag corresponds to a
frequency band 0 to 125 Hz. The 6™ level detail
component dg 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 a¢ 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.

I
ral

Ed

1 N

O

Fig.2 DWT of the Normal Heart sound

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 a4 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 ag
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.

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 i) 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
S2

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.8 Coefficient of the CWT for the Pulmonic
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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