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Abstract

According to the communication and controlling systems have been developed
rapidly both of industrial and medical parts. There are some noises and errors that need to
improve especially ECG measuring equipment, medical equipment and other. This thesis presents
the studied of noise reduction by Digital Adaptive Filter program. Algorithm of Least Mean
Square is Used based on FIR structure for 50 Hz noise reduction from electrocardiogram (ECG).
The experimental results have been carried out by TMS320C3X board using C Programing
language.
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1. w99 lwa-41s (Pole-zero placement)
2. wyulsznaandouuy (Approximation of derivatives)
a o Ja J
3. HUUDNWAaaDUINTUY (Impulse invariance)

4. uuummﬂau%mé’u@: (Bilinear transform) [4]
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dy( _ y(T) - y(nT - T) (2-42)
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T Ap8n31gY (Sampling Rate) ¥3eommeulieglugaiudgy, /,=— 714 4 Tl
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dt
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y(n) H(z) = ? R y(n)-y(n-1)
T

d‘ [N A Aa e 1 Y
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T
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e ! (2-44)
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a0

= H(s) y() (2-45)
dt

o 9ala q uuns i lunni 2-15 y(n) sgdiauiny yo awla

dy(t) _ y(n) - y(t)
dt T
H(s) y(t) = H(z)  yn)
2-46
HGs) = H() (2-46)
H(s)=S,H(z) = -z ) (2-47)
T
1
7 = —

1-ST (2-48)



WATUINITAININGN2.18

x(t)

y(t)

MW 2-18 UETAINITNTOIANUDIAINIY (RC Lowpass Filter)

A = s w 1 [%
NNINN 2-18 19959z NlenFune louasaunis

H(s)

fnualy 2214
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RC

H(s)

S+a

(2-49)

(2-50)
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H(z)

Vo(z) +aTVo(z) — Vo(z)Z~

Vo(z) +aTVo(z)

Vo(z)(1+aT)

Vo(z)

o Y
Sviuala

Vo(n)

Vo(z)
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wazanauman 2-54 1 l@eudluTaseasialdaaning 2-19

= aTVi(z)+ Vo(2)Z

= aTVi(z)+Vo(2)Z~

= aTVi(z)
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1

aTVi(z) Vo(2)Z |
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(1+aT) (1+al)

aT
= M =

(1+aT)’ (1+aT)

= KVi(n) + MVo(n —1)

1

= KVi(z) + MVo(2)Z

vi(Z2)
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a’o'/ 1 A a 1 o
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npueulyesRnea (Trapezoidal) Wo1saNAINTEUVOMIABN NililandunisTou His)

AIFUNITN 2-55

b
H(is) = ——

S+a (2-53)

S A g 9 Y a v M Yo A
ﬂTﬂﬂQﬂ“Ku€]181@u@]1NﬁNﬂ1§V] 2-55 ‘L!fﬁll1§ﬂﬁ]ﬂi‘ﬂﬂgiugﬂﬁllﬂ15lﬂ5ﬂﬁluwu‘ﬁl1ﬂﬂ\1ﬁmﬂ151/]
2.56

BO v = b (2-56)

dt
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y() = [y (DT +y(t0) (2-57)
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o y(t) unueyRusues y() maszanumvesmsouinia luaumsh 2-56 @rengues
3 A I A P
uivilyosanean t=nT uaz t, = nT-T 214
T ., . (2.-58)
y(nT) = EX[y (nT)+y (nT —=T)]+ y(nT—T) :

Y
v v

o A o I Y
JUUHOWNUY t=nT Gl,uﬁiJﬂﬁHNE]Hi‘WM‘ﬁTI 2-56 ﬁ]zllﬂ

y'(T) = —ay@T)+bx(nT) (2-59)
Waumsi 2-56 unuasluaunisii 2-58 wazuny y(n) = y(T), x(n) = x(T) 9214
T T
1+ Dy -(1-Dyym—1) = bTT[x(mﬂ(n—n] (2-60)

2 2

I¥msuaauya (Z-Transform) WasuaumMsnan1a (difference equation) IHauAI5h 2-59

2218
(+£)Y(z)—(1—£)z*lY(z) = b—T(1+Z*I)X(z)
2 2 2
-1
H) :Y(z) _ ®bT2)A+Z7) 1
X(2) 1+ (aT/2) —(1—aT/2)Z~
b (2-61)

H(z) = -
2 -z
“x —<+a
T (1+2z
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_ 2=z (2-62)
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T 141”4+ 2rcoswT (2-68)

2 2rsinwT
Q - Sx——"% (2-69)
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O - g sin wT
T 1+coswT (2-70)
2 T

Q = Ztan— (2-71)
T 2
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3-1 msa@mm‘uﬁ 1 ﬂ]ﬁ‘ﬁ"lﬁi’)ﬂiﬂﬂiﬂﬁ!!ﬂﬁ»l Matlab
cle
close all;

clear all;

N=0;

%Create the signal

%Original signal -this would be the ECG signal as seen at the
%electrodes.

%Hear ,it will be represented as a simuusoid

t = linspace(1,35,100);
%t =1:1/300:15;
%E0103_1;

Heartbeat = sin(2*pi*.1*t); %+(1/3)*sin(2*pi*0.3*t)+(1/5)*sin(2*pi*0.5*t);

%Noise signal -a S0Hz sinusoid

Noise = 0.8*sin(2*pi*100*t);

%Shifted and scaled noise signal this is done to show the convergence
%of the algolithm is not dependent on magnitude or phase matching

%between the reference noise and the EGG signal



reference = 0.5*sin(2*pi*100.*t);% + pi/2);

%Signal pluse Noise

primary = Heartbeat + Noise;

%Perform adaptive filtering using a LMS algorithm Set the filter order

%to 2,and the step size to 0.1

%output = anc(primary,reference,2,0.1);
afOrder = 2;
mu = 0.1;
N = length(primary);
we = zeros(1,afOrder);

adjustment = zeros(1,afOrder);

wel =0;
fork=1:N
we = reference(k);
y = we * adjustment’;

output = primary(k) - y;

outputl = output’;
outputl = outputl*[1;0];

output2(k) = outputl;

adjustment] = adjustment' + 2*mu*output.* we;
adjustment = adjustmentl’;

we(2:afOrder) = we(1:afOrder-1);



end
%Display all signals

figure(1);
subplot(4,1,1);
plot(t,Heartbeat);

ylabel('Original ECG");

subplot(4,1,2);
plot(t,reference);

ylabel('"Noise");

subplot(4,1,3);
plot(t,primary);
ylabel('ECG+Noise");

subplot(4,1,4);
plot(t,output2);

ylabel('Filtered ECG');

d‘ Y a Y IS
32 m3venuuuil 2 Mmyadvsdlaglimmnd
zendIg 1 IsunsunaaInai AND 50 Hz laear ¥ azulaguain 0.001 -
0.005 MUAA

4-2.1 1% Y= 0.001 A20d 50 Hz

#include "aiccomc.c" /*AIC comm routines  */
#include "math.h" /*math library function */

#define beta 0.001 //9E-5//0.00001 //1E-5 it OK 1.5E-8



#define N 36 /* Coefficients*/

#define samp 4984.05//4509.4 /*sample frequency  */

#define Fosc 50 /*desired frequency  */

#define pi 3.14159265 /*constant pi */

//int AICSEC[4] = {0x162C,0x1,0x7EFE,0x63}; /*AIC Config Data*/

int AICSEC[4] = {0x162C,0x1,0x72e6,0x63}; /*AIC config data*/

//#define samp 8000 //7891.41 /*sample frequency  */

//#define Fosc 50.0 /*desired frequency  */

//#define pi 3.14159265 /*constant pi */

//int AICSEC[4] = {0x162C,0x1,0x4892,0x67}; /*AIC Config Data*/

//int AICSEC[4] = {0x0E1C,0x1,0x3872,0x67}; /*AIC config data*/
main()

{

float Fs, Fsin, w, P, A, B, C,DPLUSN,Z,E output;

float W[N-+1];

float Delay[N+1];

float REFNOISE;

int n = 0, result,imp,input,refinput,refno,T,I;

float y1=1.0,y2=1.0,y;

AICSET(); /*initialize AIC */

Fs = samp;

Fsin = Fosc;

P = 1/Fs;

w = 2*pi*Fsin;

A =2 *cos((w *P));

B=1.0;

C = sin((w * P));

for (T=0; T<N; T++)
{



WI[T]=10.0;
Delay[T] = 0.0;
}

while(1)
{
TWAIT;
if(n==0) imp=1;
else imp=0;
y = A*yl - B¥y2 + C*imp;
REFNOISE =Yy;
y2=yl; yl=y;
n=1;

Delay[0] = REFNOISE; //New noise sample

input=UPDATE_SAMPLE(result);
DPLUSN = input;

7=0; /ilter output set tp zero

for (I=0; I<N; I++)

Z += (W[I]*Delay[I]);

E = DPLUSN-Z;

for (I =N; I>0; I--)

{
WII] = W[I] + (beta*E*Delay[I]);
if (I!=0)
Delay[I] = Delay[I-1];

H

output =E;

result = (int)(output); /* remove *1000 */



DPLUSN=DPLUSN;

H
H

922 Wy = 0002 AwA 50 Hz
#include "aiccome.c" /*AIC comm routines  */
#include "math.h" /*math library function */

#define beta 0.002 //9E-5//0.00001 //1E-5 it OK 1.5E-8

#define N 36 /* Coefficients*/

#define samp 4984.05//4509.4 /*sample frequency  */

#define Fosc 50 /*desired frequency  */

#define pi 3.14159265 /*constant pi */

//int AICSEC[4] = {0x162C,0x1,0x7EFE,0x63}; /*AIC Config Data*/

int AICSEC[4] = {0x162C,0x1,0x72€6,0x63}; /*AIC config data*/

//#define samp 8000 //7891.41 /*sample frequency  */

//#define Fosc 50.0 /*desired frequency  */

//#define pi 3.14159265 /*constant pi */

//int AICSEC[4] = {0x162C,0x1,0x4892,0x67}; /*AIC Config Data*/

//int AICSEC[4] = {0x0E1C,0x1,0x3872,0x67}; /*AIC config data*/
main()

{

float Fs, Fsin, w, P, A, B, C,DPLUSN,Z,E output;

float W[N+1];

float Delay[N+1];

float REFNOISE;

int n = 0, result,imp,input,refinput,refno,T,I;

float y1=1.0,y2=1.0,y;

AICSET(); /*initialize AIC */

Fs = samp;

Fsin = Fosc;

P = 1/Fs;



w = 2*pi*Fsin;
A =2 *cos((w * P));
B=1.0;

C = sin((w * P));

for (T=0; T<N; T++)
{
WI[T]=0.0;
Delay[T] = 0.0;
H

while(1)
{
TWAIT;
ifln==0) imp=1;
else imp=0;
y = A*yl - B¥y2 + C*imp;
REFNOISE = y;
y2=yl; yl=y;
n=1;

Delay[0] = REFNOISE; //New noise sample

input=UPDATE_SAMPLE(result);
DPLUSN = input;

7=0; /ilter output set tp zero

for (I=0; I<N; T++)
Z += (W[I]*Delay[I]);
E = DPLUSN-Z;

for I=N; I>0; I--)



WII] = W[I] + (beta*E*Delay[1]);
it (I!=0)
Delay[I] = Delay[I-1];
H
output =E;
result = (int)(output); /* remove *1000 */

DPLUSN=DPLUSN;

}
}

423 1% Y = 0.003 A2WA 50 Hz
#include "aiccomc.c" /*AIC comm routines ~ */
#include "math.h" /*math library function */

#define beta 0.003 //9E-5//0.00001 //1E-5 it OK 1.5E-8

#define N 36 /* Coefficients*/

#define samp 4984.05//4509.4 /*sample frequency  */

#define Fosc 50 /*desired frequency  */

#define pi 3.14159265 /*constant pi */

//int AICSEC[4] = {0x162C,0x1,0x7EFE,0x63}; /*AIC Config Data*/

int AICSEC[4] = {0x162C,0x1,0x72€6,0x63}; /*AIC config data*/

//#tdefine samp 8000 //7891.41 /*sample frequency  */

//#define Fosc 50.0 /*desired frequency  */

//#define pi 3.14159265 /*constant pi */

//int AICSEC[4] = {0x162C,0x1,0x4892,0x67}; /*AIC Config Data*/

//int AICSEC[4] = {0x0E1C,0x1,0x3872,0x67}; /*AIC config data*/
main()

{

float Fs, Fsin, w, P, A, B, C,DPLUSN,Z,E output;

float W[N=+1];



float Delay[N+11];

float REFNOISE;

int n = 0, result,imp,input,refinput,refno,T,I;
float y1=1.0,y2=1.0,y;

AICSET(); /*initialize AIC */
Fs = samp;

Fsin = Fosc;

P = 1/Fs;

w = 2*pi*Fsin;

A =2 *cos((w * P));

B=1.0;

C = sin((w * P));

for (T=0; T<N; T++)
{
WIT] = 0.0;
Delay[T] = 0.0;
H

while(1)
{
TWAIT;
if(n==0) imp=1;
else imp=0;
y = A*yl - B¥y2 + C*imp;
REFNOISE =Yy;
y2=yl; yl=y;
n=1;

Delay[0] = REFNOISE; //New noise sample



input=UPDATE SAMPLE(result);
DPLUSN = input;

7=0; /ilter output set tp zero

for (I=0; I<N; T++)

Z += (W[I]*Delay[1]);

E = DPLUSN-Z;

for I=N; I>0; I--)

{
WII] = W[I] + (beta*E*Delay[I]);
if (I!=0)
Delay[I] = Delay[I-1];

H

output =E;

result = (int)(output); /* remove *1000 */

DPLUSN=DPLUSN;

H
H

424 1% Y= 0.004 A2WA 50 Hz
#include "aiccomc.c" /*AIC comm routines  */
#include "math.h" /*math library function */

#define beta 0.004 //9E-5//0.00001 //1E-5 it OK 1.5E-8

#define N 36 /* Coefficients*/

#define samp 4984.05//4509.4 /*sample frequency  */
#define Fosc 50 /*desired frequency  */

#define pi 3.14159265 /*constant pi */

//int AICSEC[4] = {0x162C,0x1,0x7EFE,0x63}; /*AIC Config Data*/
int AICSEC[4] = {0x162C,0x1,0x72€6,0x63}; /*AIC config data*/

//#define samp 8000 //7891.41 /*sample frequency  */



//#define Fosc 50.0 /*desired frequency  */
//#define pi 3.14159265 /*constant pi */
//int AICSEC[4] = {0x162C,0x1,0x4892,0x67}; /*AIC Config Data*/
//int AICSEC[4] = {0x0E1C,0x1,0x3872,0x67}; /*AIC config data*/
main()
{
float Fs, Fsin, w, P, A, B, C,DPLUSN,Z,E output;
float W[N+1];
float Delay[N+1];
float REFNOISE;
int n = 0, result,imp,input,refinput,refno,T.I;
float y1=1.0,y2=1.0,y;
AICSET(); /*initialize AIC */
Fs = samp;
Fsin = Fosc;
P = 1/Fs;
w = 2*pi*Fsin;
A =2 *cos((w * P));
B=1.0;

C = sin((w * P));

for (T=0; T<N; T++)
{
WI[T]=0.0;
Delay[T] = 0.0;
H

while(1)

{
TWAIT;



if(n==0) imp=1;

else imp=0;

y = A*yl - B¥y2 + C*imp;
REFNOISE =y;

y2=yl; yl=y;

n=1;

Delay[0] = REFNOISE; //New noise sample

input=UPDATE_SAMPLE(result);
DPLUSN = input;

7=0; /ilter output set tp zero

for (I=0; I<N; I++)

Z += (W[I]*Delay[I]);

E = DPLUSN-Z;

for (I =N; I>0; I--)

{
WII] = W[I] + (beta*E*Delay[1]);
it (I!=0)
Delay[I] = Delay[I-1];

H

output =E;

result = (int)(output); /* remove *1000 */

DPLUSN=DPLUSN;



2.5 Wy =0.005 Anwd 50

#include "aiccome.c" /*AIC comm routines  */

#include "math.h" /*math library function */

#define beta 0.005 //9E-5//0.00001 /1E-5 it OK 1.5E-8

#define N 36 /* Coefficients*/

#define samp 4984.05//4509.4 /*sample frequency  */
#define Fosc 50 /*desired frequency  */

#define pi 3.14159265 /*constant pi */
//int AICSEC[4] = {0x162C,0x1,0x7EFE,0x63}; /*AIC Config Data*/
int AICSEC[4] = {0x162C,0x1,0x72€6,0x63}; /*AIC config data*/
//#tdefine samp 8000 //7891.41 /*sample frequency  */
//#define Fosc 50.0 /*desired frequency  */
//#define pi 3.14159265 /*constant pi */
//int AICSEC[4] = {0x162C,0x1,0x4892,0x67}; /*AIC Config Data*/
//int AICSEC[4] = {0x0E1C,0x1,0x3872,0x67}; /*AIC config data*/
main()

{

float Fs, Fsin, w, P, A, B, C,DPLUSN,Z.E output;

float W[N-+1];

float Delay[N+11];

float REFNOISE;

int n = 0, result,imp,input,refinput,refno,T,I;

float y1=1.0,y2=1.0,y;

AICSET(); /*initialize AIC */

Fs = samp;

Fsin = Fosc;

P = 1/Fs;

w = 2*pi*Fsin;

A =2*cos((w * P));

B=1.0;



C = sin((w * P));
for (T=0; T<N; T++)
{
WI[T]=0.0;
Delay[T] = 0.0;
H
while(1)
{
TWAIT;
if(n==0) imp=1;
else imp=0;
y = A*yl - B¥y2 + C*imp;
REFNOISE =y;
y2=yl; yl=y;
n=1;
Delay[0] = REFNOISE; //New noise sample
input=UPDATE SAMPLE(result);
DPLUSN = input;
7=0; /ilter output set tp zero
for (I=0; I<N; I++)
Z += (W[I]*Delay[I]);
E = DPLUSN-Z;
for (I =N; I>0; I--)
{
WII] = W[I] + (beta*E*Delay[I]);
if (I!=0)
Delay[I] = Delay[I-1];
H
output =E;

result = (int)(output); /* remove *1000 */



DPLUSN=DPLUSN;
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