
CONCLUSIONS 

The LMS algorithm is simple and has less computational complexity when 
compared with the RLS algorithm. But, the RLS algorithm has faster convergence 
rate than LMS algorithm at the cost of higher computational complexity. The X 
plays a role in RLS algorithm similar to that of the step-size parameter p in the 
LMS algorithm. RLS algorithm has better performance than LMS algorithm in the 
low signal to noise ratio. 

The tracking performance, at first glance, it might be tempting to say that 
since the RLS algorithm has a faster rate of convergence than the LMS algorithm 
in the case of a stationary environment, therefore, it will track a nonstationary 
environment better than the LMS algorithm. Such an. answer, however, is not 
justified because the tracking performance of an adaptive filtering algorithm is 
influenced not only the rate of convergence but also by fluctuation in the steady-
state performance of the algorithm due to measurement and algorithm noise. But 
generally, the tracking performance of RLS algorithm is better than LMS type 
algorithms. 
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8 A p p e n d i x A - L M S A l g o r i t h m P r o g r a m List ing 

8.1 Fixed Step Size LMS Algorithm 

% F i x e d s t e p s i z e LMS a l g o r i t h m 

% Y=FSSLMS(X,N,D,B,L,MU,SIG,AL,PX,IERROR) 
% s u b r o u t i n e f o r LMS a l g o r i t h m a n d i m p l e m e n t s t h e 
e q u a t i o n 
% B(K+1)= B(K) + 2 * M U * E * X ( K ) / ( ( L + l ) * S I G ) 
% X = D a t a v e c t o r , I n p u t s e n t a n d O u t p u t r e t u r n e d 
% N = Number o f d a t a i n i n p u t X 
% D = D e s i r e d s i g n a l v e c t o r 
% W = A d a p t i v e c o e f f i c i e n t s of L t h o r d e r FIR 
f i l t e r 
% L = O r d e r of a d a p t i v e s y s t e m 
% MU = C o n v e r g e n c e p a r a m e t e r 
% SIG = I n p u t s i g n a l p o w e r e s t i m a t e 
% AL = F o r g e t t i n g f a c t o r a l f a . 
% PX = V e c t o r t h a t r e t a i n t h e p a s t i n p u t . 
% NS = Number o f s a m p l e s p e r c y c l e 

N=500 ; 
M U = 0 . 1 ; 
L = 6 ; 
S I G = 0 . 0 0 5 ; 
AL=0; 
IERROR=0; 
NS=20; % Number o f s a m p l e p e r c y c l e 
f o r K=1:N 

F = 2 * p i * K / N S ; 
S I ( K , 1 ) = 2 * s i n ( F + p i / 3 ) ; 

D ( K , l ) = ( s p r a n d ( 1 2 3 5 7 ) - 0 . 5 ) + S I ( K ) ; 
%SPRAND - G e n e r a t e u n i f o r m l y d i s t r i b u t e d r a n d o m 
n u m b e r s 

X ( K , 1 ) = 0 . 3 * s i n ( F ) ; 
-t" e n d 

s u b p l o t ( 2 , 2 , 1 ) 
p l o t ( S I ) 
t i t l e ( 1 O r i g i n a l S i g n a l ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e 1 ) ; 

s u b p l o t ( 2 , 2 , 3 ) 
p l o t ( D ) 
h o l d on 
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p l o t ( X , • r ' ) 
t i t l e ( ' N o i s e c o n t a m i n a t e d a n d R e f e r e n c e S i g n a l ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 

d i s p ( ' E x e c u t i n g LMS') 
W = z e r o s ( L + l , 1 ) ; 
P X = z e r o s ( L + l , 1 ) ; 
MSE = z e r o s ( N , 1 ) ; 
P S D = z e r o s ( N S + L + 1 , 1 ) ; 
P S X = z e r o s ( N S + L + 1 , 1 ) ; 
IERR0R1 = 5 ; 
C=0; 
f o r K= 1 : N 

PX(1)=X(K) ; 
P S D ( 1 ) = D ( K ) ; 
PSX (1) = X (K) ; 
X(K)= PX'*W; 

% c a l c u l a t e e q u a t i o n ( 4 . 1 . 1 ) 
i f ( a b s ( X ( K ) ) ) > 1E10 

d i s p ( ' o u t p u t i s t o o l a r g e ' ) 
X(K) 
K 
r e t u r n 

e n d 

E = D ( K ) - X ( K ) ; % c a l c u l a t e t h e 
e q u a t i o n ( 4 . 1 . 2 ) 

SIG = A L * ( P X ( 1 ) * P X ( 1 ) ) + ( 1 - A L ) * S I G ; % c a l c u l a t e 
t h e e q u a t i o n ( 4 . 1 . 8 ) 

T M P = 2 * M U / ( ( L + l ) * S I G ) ; 
W=W+TMP*E*PX; % c a l c u l a t e W(n+1) = 

W(n) + TMP*E*X(n) e q u a t i o n ( 4 . 1 . 9 ) 

% C a l c u l a t e MSE 
R = M a k e R ( P S X , l e n g t h ( P X ) , L , N S ) ; 
P = M a k e P ( P S X , P S D , l e n g t h ( P X ) , L , N S ) ; 
MSE(K) = m e a n ( P S D ( 1 : N S ) . A 2 ) + W'*R*W - 2*P '*W; 

% S h i f t PX t o r i g h t 
PX(2 :L+1) = P X ( 1 : L ) ; 
PSD(2:NS+L+1) = P S D ( 1 : N S + L ) ; 
PSX(2:L+NS+1) = P S X ( 1 : L + N S ) ; 
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% P l o t i n g R e s u l t 

s u b p l o t ( 2 , 2 , 2 ) 
p l o t ( X ) 
t i t l e ( ' R e c o v e r e d S i g n a l ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 

s u b p l o t ( 2 , 2 , 4 ) 
p l o t ( M S E ) 
t i t l e ( ' M e a n S q u a r e d E r r o r ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 
g t e x t ( ' F i x e d S t e p S i z e LMS A l g o r i t h m ' ) 
g t e x t ( ' M U = 0 . 1 a n d 15% N o i s e by a m p l i t u d e ' ) 

Fixed Step Size LMS Algorithm - Noise as a reference Signal 

Q. 
"O F i x e d s t e p s i z e LMS a l g o r i t h m , N o i s e a s a r e f e r e n c e 

O. 
"O Y = F i l t e r o u t p u t 
O 
O B(K+1) = B(K) + 2 * M U * E * X ( K ) / ( ( L + l ) * S I G ) 
O, 
O X = N o i s e v e c t o r , I n p u t s e n t a n d O u t p u t 
r e t u r n e d 
o , 
"o N = Number of d a t a i n i n p u t X 
o , 
"o D = D e s i r e d s i g n a l v e c t o r 
Q. 
"O W = A d a p t i v e c o e f f i c i e n t s o f L t h o r d e r FIR 
f i l t e r 
Q, 
"0 L = O r d e r o f a d a p t i v e s y s t e m 
O 
O MU = C o n v e r g e n c e p a r a m e t e r 

0 . 
O SIG = I n p u t s i g n a l p o w e r e s t i m a t e 

O. 
O AL = F o r g e t t i n g f a c t o r a l f a . 

o, 
"o PX = V e c t o r t h a t r e t a i n t h e p a s t i n p u t . 
o . 
"5 NS = Number of s a m p l e s p e r c y c l e 

N= = 5 0 0 ; 
MU=0.08 ; 
L = 6 ; 
S I G = 0 . 0 0 5 ; 
A L = 0 ; % 0 . 0 1 ; 
IERROR=0; 
NS=20; % Number of s a m p l e p e r c y c l e 
f o r K=1:N 

F = 2 * p i * K / N S ; 
S I ( K , 1 ) = s i n ( F ) ; 
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X ( K , l ) = 0 . 1 * ( s p r a n d ( 1 2 3 5 7 ) - 0 . 5 ) ;%SPRAND - G e n e r a t e 
u n i f o r m l y d i s t r i b u t e d r a n d o m n u m b e r s 

D ( K , 1 ) = 4*X(K,1 ) + S I ( K , 1 ) ; 
e n d 

s u b p l o t ( 2 , 2 , 1 ) 
p l o t ( S I ) 
t i t l e ( ' F I G : A O r i g i n a l S i g n a l ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 

s u b p l o t ( 2 , 2 , 3 ) 
p l o t ( D ) 
h o l d on 
p l o t ( 2 * X , ' r ' ) 
t i t l e ( ' F I G : B N o i s e c o n t a m i n a t e d S i g n a l a n d 
R e f e r e n c e S i g n a l ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 

d i s p ( ' E x e c u t i n g LMS') 
W = o n e s ( L + l , 1 ) ; 
P X = z e r o s ( L + l , 1 ) ; 
MSE = z e r o s ( N , 1 ) ; 
P S D = z e r o s ( N S + L + 1 , 1 ) ; 
P S X = z e r o s ( N S + L + 1 , 1 ) ; 
IERR0R1 = 5 ; 

f o r K= 1 : N 
PX(1)=X(K, 1) ; 
PSD(1)=D(K, 1) ; 
P S X ( l ) = X(K, 1) ; 
Y ( K , 1 ) = PX'*W; 

% c a l c u l a t e e q u a t i o n ( 4 . 1 . 1 ) 
i f ( a b s ( X ( K ) ) ) > 1E10 

d i s p ( ' o u t p u t i s t o o l a r g e ' ) 
X(K) 
K 
r e t u r n 

e n d 

E ( K , 1 ) = D ( K , 1 ) - Y ( K , 1 ) ; % 
c a l c u l a t e t h e e q u a t i o n ( 4 . 1 . 2 ) 

SIG = A L * ( P X ( 1 ) * P X ( 1 ) ) + ( 1 - A L ) * S I G ; % c a l c u l a t e 
t h e e q u a t i o n ( 4 . 1 . 8 ) 

T M P = 2 * M U / ( ( L + l ) * S I G ) ; 
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W=W+TMP*E(K,1)*PX; % c a l c u l a t e W(n+1) 
= W(n) + TMP*E*X(n) e q u a t i o n ( 4 . 1 . 9 ) 

% C a l c u l a t e MSE 
R = M a k e R ( P S X , l e n g t h ( P X ) , L , N S ) ; 
P = M a k e P ( P S X , P S D , l e n g t h ( P X ) , L , N S ) ; 
MSE(K) = m e a n ( P S D ( 1 : N S ) . A 2 ) + W'*R*W - 2*P '*W; 

% S h i f t PX t o r i g h t 
PX(2 :L+1) = P X ( 1 : L ) ; 
PSD(2:NS+L+1) = P S D ( 1 : N S + L ) ; 
PSX(2:L+NS+1) = P S X ( 1 : L + N S ) ; 

e n d 

% P l o t i n g R e s u l t 

s u b p l o t ( 2 , 2 , 2 ) 
p l o t ( E ) 
t i t l e ( ' F I G : C R e c o v e r e d S i g n a l ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 

s u b p l o t ( 2 , 2 , 4 ) 
p l o t ( M S E ) 
t i t l e ( ' F I G : D Mean S q u a r e d E r r o r ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 
g t e x t ( ' F i x e d S t e p S i z e LMS A l g o r i t h m ' ) 
g t e x t ( ' F I G 4 . 1 . 1 2 LMS A l g o r i t h m w i t h n o i s e a s a 
r e f e n c e s i g n a l , MU = 0 . 0 8 a n d N o i s e = - 1 4 dB 
2 3 ' ) 

Variable Step Size LMS Algorithm 

% V a r i a b l e S t e p S i z e LMS A l g o r i t h m 
% Y=VSSLMS(X,N,D,B,L,MU,SIG,AL,PX,IERROR) 
% s u b r o u t i n e f o r V a r i a b l e S t e p - S i z e LMS a l g o r i t h m a n d 
i m p l e m e n t s t h e e q u a t i o n 
% B(K+1)= B(K) + MU*E*X(K) 
% X = D a t a v e c t o r , I n p u t s e n t a n d O u t p u t r e t u r n e d 
% PX = V e c t o r t h a t r e t a i n t h e p a s t i n p u t . 
% N = Number o f d a t a i n i n p u t X 
% D = D e s i r e d s i g n a l v e c t o r 
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g , 
o w = A d a p t i v e c o e f f i c i e n t s o f L t h o r d e r FIR 
f i l t e r 
o , 
o L = O r d e r of a d a p t i v e s y s t e m 

o_ 
" o MUMIN = Minimum l i m i t o f MU 
Q , 
O MU = C o n v e r g e n c e p a r a m e t e r 

O . 
0 MUMAX = Maximu l i m i t o f MU 

o 
o ALFA = F o r g e t t i n g f a c t o r a l f a . 

o , 
0 GAMA = C o n t r o l t h e MU i n c o n j u c t i o n w i t h ALFA 
u s u a l l y s m a l l 
% NS = Number o f s a m p l e s p e r c y c l e 
% I n t h i s c o d e o u t p u t r e p l a c e s t h e i n p u t 

d i s p ( ' E x e c u t i n g VSSLMS') 
N = 5 0 0 ; 
NS = 2 0 ; 
MU = 0 . 0 0 1 ; 
MUMIN = 0 . 0 1 ; 

L = 8 ; 
ALFA = 0 . 9 7 ; 
GAMA = 5 E - 2 ; 

f o r K=1:N 
F = 2 * p i * K / N S ; 
S I ( K , 1 ) = s i n ( F + p i / 3 ) ; 
D ( K , l ) = 0 . 5 * ( s p r a n d ( 1 2 3 5 7 ) - 0 . 5 ) + S I ( K ) ; 
%SPRAND - G e n e r a t e u n i f o r m l y d i s t r i b u t e d r a n d o m 

n u m b e r s 
X ( K , 1 ) = 0 . l * s i n ( F ) ; 

e n d 

s u b p l o t ( 2 , 2 , 1 ) 
p l o t ( S I ) 
t i t l e ( ' O r i g i n a l S i g n a l ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 

s u b p l o t ( 2 , 2 , 3 ) 
p l o t ( D ) 
h o l d on 
p l o t ( X , ' r ' ) 
t i t l e ( ' N o i s e c o n t a m i n a t e d a n d R e f e r e n c e S i g n a l ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 

W = z e r o s ( L + l , 1 ) ; 
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PX = z e r o s ( L + l , 1 ) ; 
M S E l = z e r o s ( N , 1 ) ; 
P S D = z e r o s ( N S + L + 1 , 1 ) ; 
P S X = z e r o s ( N S + L + 1 , 1 ) ; 

f o r K= 1 :N 

PX(1)=X(K) ; 
PSD(1)=D(K) ; 
PSX (1) = X (K) ; 

X(K)= PX'*W; 
i f ( a b s ( X ( K ) ) ) > 1E10 

d i s p ( ' O u t p u t i s t o o l a r g e ' ) 
X(K) 
K 
r e t u r n 

e n d 

E = D ( K ) - X ( K ) ; 
W=W + 2*MU*E*PX; 

% C a l c u l a t e MSE 
R = M a k e R ( P S X , l e n g t h ( P X ) , L , N S ) ; 
P = M a k e P ( P S X , P S D , l e n g t h ( P X ) , L , N S ) ; 
MSE(K) = m e a n ( P S D ( 1 : N S ) . A 2 ) + W*R*W - 2*P '*W; 

% S h i f t PX t o r i g h t 
PX(2 :L+1) = P X ( 1 : L ) ; 
PSD(2:NS+L+1) = P S D ( 1 : N S + L ) ; 
PSX(2:NS+L+1) = P S X ( 1 : N S + L ) ; 

MU = ALFA*MU + GAMA*E*E; 
MUMAX = 2 / ( 3 * t r a c e ( R ) ) ; 
i f MU<MUMIN 

MU=MUMIN; 
e l s e i f MU > MUMAX 

MU = MUMAX; 
e n d 

e n d 

s u b p l o t ( 2 , 2 , 2 ) 
p l o t ( X ) 
t i t l e ( ' R e c o v e r e d S i g n a l ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 
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s u b p l o t ( 2 , 2 , 4 ) 
p l o t ( M S E ) 
t i t l e ( ' M e a n S q u a r e d E r r o r ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 
g t e x t ( ' V a r i a b l e S t e p S i z e LMS A l g o r i t h m ' ) 
g t e x t ( ' 5 0 % N o i s e by A m l i t u d e , ALFA=0.97 a n d Gama = 
2 ' ) 

Robust Variable Step Size 

%Robust V a r i a b l e S t e p S i z e LMS A l g o r i t h m 
% s u b r o u t i n e f o r R o b u s t VSSLMS a l g o r i t h m a n d 
i m p l e m e n t s t h e e q u a t i o n 

B(K) + MU*E*X(K) 
D a t a v e c t o r , I n p u t s e n t a n d O u t p u t r e t u 
V e c t o r t h a t r e t a i n t h e p a s t i n p u t . 
Number o f d a t a i n i n p u t X 
D e s i r e d s i g n a l v e c t o r 
A d a p t i v e c o e f f i c i e n t s o f L t h o r d e r FIR 

% B(K+1) 
% X 
% PX 
% N 
% D 
% W 
f i l t e r 
% L 
% MUMIN 
% MU 
% MUMAX 
% ALFA 
% GAMA 

= O r d e r of a d a p t i v e s y s t e m 
= Minimum l i m i t o f MU 
= C o n v e r g e n c e p a r a m e t e r 
= Maximu l i m i t o f MU 
= F o r g e t t i n g f a c t o r a l f a . 
= C o n t r o l t h e MU i n c o n j u c t i o n w i t h ALFA 

u s u a l l y s m a l l 
% BETA = P o s i t i v e c o n s t a n t c o n t r o l t h e a v e r a g i n g 
t i m e c o n s t a n t 
% NS = Number o f s a m p l e s p e r c y c l e 
% I n t h i s c o d e o u t p u t r e p l a c e s t h e i n p u t X 

d i s p ( ' E x e c u t i n g LMS') 

N = 5 0 0 ; 
MU = 0 . 0 1 ; 
MUMIN = 0 . 0 0 0 0 1 ; 
MUMAX = 2 . 0 ; 
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L = 8 ; 
NS=20; 
ALFA = 0 . 9 7 ; 
GAMA = 0 . 1 ; % C o n t r o l t h e c o n v e r g e n c e t i m e a n d l e v e l 
m i s a d j u s t m e n t o f a l g o r i t h m 
BETA = 0 . 9 ; ^ G o v e r n s t h e a v e r a g i n g t i m e c o n s t a n t 

f o r K = 1 : N 
F = 2 * p i * K / N S ; 
S I ( K , 1 ) = s i n ( F + p i / 3 ) ; 
D ( K , l ) = ( s p r a n d ( 1 2 3 5 7 ) - 0 . 5 ) + S I ( K ) ; 
%SPRAND - G e n e r a t e u n i f o r m l y d i s t r i b u t e d r a n d o m 

n u m b e r s 
X ( K , 1 ) = 0 . l * s i n ( F ) ; 

e n d 

s u b p l o t ( 2 , 2 , 1 ) 
p l o t ( S I ) 
t i t l e ( 1 O r i g i n a l S i g n a l ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 

s u b p l o t ( 2 , 2 , 3 ) 
p l o t ( D ) 
h o l d on 
p l o t ( X , ' r ' ) 
t i t l e ( ' N o i s e c o n t a m i n a t e d a n d R e f e r e n c e S i g n a l ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 

W = z e r o s ( L + l , 1 ) ; 
PX = z e r o s ( L + l , 1 ) ; 
M S E l = z e r o s ( N , 1 ) ; 
P S D = z e r o s ( N S + L + 1 , 1 ) ; 
P S X = z e r o s ( N S + L + 1 , 1 ) ; 

P 1 = 0 ; 
E=0 ; 
f o r K= 1 : N 

PX(1)=X(K) ; 
P S D ( 1 ) = D ( K ) ; 
PSX (1) = X (K) ; 

X(K)= PX'*W; 
i f ( a b s ( X ( K ) ) ) > 1E10 

d i s p ( ' E r r o r i s t o o l a r g e ' ) 
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X(K) 
K 
r e t u r n 

e n d 
E_OLD = E; 
E = D ( K ) - X ( K ) ; 
W=W + 2*MU*E*PX; 

% C a l c u l a t e MSE 
R = M a k e R ( P S X , l e n g t h ( P X ) , L , N S ) ; 
P = M a k e P ( P S X , P S D , l e n g t h ( P X ) , L , N S ) ; 
MSE(K) = m e a n ( P S D ( l : N S ) . A 2 ) + W'*R*W - 2*P '*W; 

% S h i f t PX t o r i g h t 
P X ( 2 : L + 1 ) = PX(1 :L) ; 
PSD(2:NS+L+1) = P S D ( 1 : N S + L ) ; 
PSX(2:NS+L+1) = P S X ( 1 : N S + L ) ; 

MU = ALFA*MU + GAMA*P1*P1; 
PI = BETA*P1 + (1-BETA)*E_OLD*E; 
%MUMAX = 2 / ( 3 * t r a c e ( R ) ) 
i f MU<MUMIN 

MU=MUMIN; 
e l s e i f MU > MUMAX 

MU = MUMAX; 
e n d 

e n d 

s u b p l o t ( 2 , 2 , 2 ) 
p l o t ( X ) 
t i t l e ( ' R e c o v e r e d S i g n a l ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 

s u b p l o t ( 2 , 2 , 4 ) 
p l o t ( M S E ) 
t i t l e ( ' M e a n S q u a r e d E r r o r ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 
g t e x t ( ' R o b u s t V a r i a b l e S t e p S i z e LMS A l g o r i t h m ' ) 
g t e x t ( ' 1 0 0 % N o i s e by A m l i t u d e , ALFA=0.97 , GAMA = 0 
a n d B E T A = 0 . 9 ' ) 
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Common Routine for LMS Algorithms 

f u n c t i o n P = M a k e P ( P S X , P S D , l e n , L , N S ) 
% T h i s f u c t i o n make t h e C r o s s C o r r e l a t i o n m a t r i x 
P = z e r o s ( l e n , 1 ) ; 
f o r i = 1 : L+ l 

f o r s = 1 : NS 
P ( i ) = P ( i ) + P S D ( s ) * P S X ( s + i - l ) ; 

e n d 
e n d 
P = P / N S ; 

f u n c t i o n R = M a k e R ( P S X , l e n , L , N S ) 

% T h i s f u c t i o n make t h e A u t o c o r r e l a t i o n m a t r i x R 

R = z e r o s ( l e n ) ; 

f o r j = 1 : L+ l 
f o r i = j : L+ l 

f o r s = j : j + N S - 1 
R ( j , i ) = R ( j , i ) + P S X ( s ) * P S X ( s + i - j ) ; 

e n d 
R ( i , j ) = R ( j , i ) ; 

e n d 

e n d 

R = R/NS; 
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9 A p p e n d i x B - R L S A l g o r i t h m P r o g r a m Lis t ing 

9.1 RLS Algorithm Version I 

% RLS a l g o r i t h m 

N=4 9 9 ; 
LAMDA=1; 
DELTA = 0 . 0 1 ; 
L = 8 ; 
NS=20; 
P = e y e ( L ) / D E L T A ; 

f o r K=1:N 
F = 2 * p i * K / N S ; 

S I ( 1 , K ) = s i n ( F + p i / 3 ) ; 

X ( 1 , K ) = 0 . 1 * s i n ( F ) ; 
e n d 
N o i s e = r a n d n ( l , N ) ; 
D = N o i s e + S I ; 

W ( 1 , : ) = z e r o s ( 1 , L ) ; 
^ N o i s e P a d = [ z e r o s ( 1 , L - l ) N o i s e ] ; 

f o r n= 1:N; 

m = n + L - l ; 
N o i s e B l o c k = N o i s e P a d ( m - L + 1 : 1 : m ) ' ; 
Y(n) = W ( n , : ) * N o i s e B l o c k ; 
E ( n ) = D ( n ) - Y ( n ) ; 
Kn = P ' * N o i s e B l o c k / ( L A M D A + 

N o i s e B l o c k ' * P * N o i s e B l o c k ) ; 
P = (P - K n ^ N o i s e B l o c k ' * P ) / L A M D A ; 
W ( n + 1 , : ) = W ( n , : ) + K n ' * E ( n ) ; 

e n d 
s u b p l o t ( 2 , 2 , 1 ) 
p l o t (S I ) 
t i t l e ( ' O r i g i n a l S i g n a l ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 

s u b p l o t ( 2 , 2 , 2 ) 
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p l o t ( ( N o i s e - Y) . A 2 , ' m ' ) 
t i t l e ( ' M e a n S q u a r e d E r r o r ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 

s u b p l o t ( 2 , 2 , 3 ) 
p l o t ( D ) 
t i t l e ( ' N o i s e C o n t a m i n a t e d S i g n a l ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 

s u b p l o t ( 2 , 2 , 4 ) 
p l o t ( E ) 
t i t l e ( ' R e c o v e r e d O u t p u t ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 

g t e x t ( ' R L S ALGORITHM VERSION I ' ) 

9.2 RLS Algorithm Version II 

% RLS a l g o r i t h m 
N=4 9 9 ; 
LAMDA=1; 
DELTA = 0 . 0 1 ; 
L = 4 ; 
NS=2 0 ; 
P = e y e ( L ) / D E L T A ; 

f o r K=1:N 
F = 2 * p i * K / N S ; 

S I ( 1 , K ) = s i n ( F + p i / 3 ) ; 

X ( 1 , K ) = 0 . l * s i n ( F ) ; 
e n d 
N o i s e = 1 0 0 * r a n d n ( 1 , N ) ; 
D = N o i s e + S I ; 

W ( 1 , : ) = z e r o s ( 1 , L) ; 
N o i s e P a d = [ z e r o s ( 1 , L - l ) N o i s e ] ; 

f o r n= 1:N; 
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m = n + L - l ; 
N o i s e B l o c k = N o i s e P a d ( m - L + 1 : 1 : m ) ' ; 
Y(n) = W ( n , : ) * N o i s e B l o c k ; 
E ( n ) = D ( n ) - Y ( n ) ; 

Kn = P*NoiseBlock / (LAMDA + N o i s e B l o c k ' * P * N o i s e B l o c k ) ; 
P = (P - K n * N o i s e B l o c k ' * P ) / L A M D A ; 

W ( n + 1 , : ) = W ( n , : ) + K n ' * E ( n ) ; 

e n d 
s u b p l o t ( 2 , 2 , 1 ) 
p l o t ( S I ) 
t i t l e ( 1 O r i g i n a l S i g n a l ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 

s u b p l o t ( 2 , 2 , 2 ) 
p l o t ( ( N o i s e - Y ) . A 2 , ' m ' ) 
t i t l e ( ' M e a n S q u a r e d E r r o r ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 

s u b p l o t ( 2 , 2 , 3 ) 
p l o t ( D ) 
t i t l e ( ' N o i s e C o n t a m i n a t e d S i g n a l ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 

s u b p l o t ( 2 , 2 , 4 ) 
p l o t ( E ) 
t i t l e ( ' R e c o v e r e d O u t p u t ' ) 
x l a b e l ( ' I t e r a t i o n s / T i m e ' ) 
y l a b e l ( ' A m p l i t u d e ' ) 
g t e x t ( ' R L S ALGORITHM VERSION I ' ) 
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10 A p p e n d i x C - LMS Algorithm ADSP 2181 Program Listing 

.module/RAM/ABS=0 MEngProgram; 
{LMS Algorithm Implementation} 
{******** Constant Declaration ***********} 

{Memory Mapped ADSP-2181 Control Registers} 

.const IDMA =0x3fe0; 

.const B D M A B I A D =0x3 fel; 

.const B D M A B E A D =0x3fe2; 

.const BDMA BDMA Ctrl =0x3fe3; 

.const BDMABWCOUNT =0x3fe4; 

.const PFDATA =0x3fe5; 

.const PFTYPE =0x3fe6; 

.const SPORT 1 Autobuf =0x3fef; 

.const SPORT1 RFSDIV =0x3ff0; 

.const SPORTl_SCLKDIV =0x3ffl; 

.const SPORT I C o n t r o l R e g =0x3ff2; 

.const SPORT0 Autobuf =0x3fB; 

.const SPORT0 RFSDIV =0x3 ff4; 

.const SPORT0_SCLKDIV =0x3ff5; 

.const SPORT0 Control Reg =0x3ff6; 

.const SPORT0_TX_Channels0 =0x3ff7; 

.const SPORT0_TX_Channels 1 =0x3 ff8; 

.const SPORT0 RX ChannelsO =0x3ff9; 

.const SPORT0_RX_Channelsl =0x3ffa; 

.const TSCALE =0x3 ffb; 

.const TCOUNT =0x3ffc; 

.const TPERIOD =0x3ffd; 

.const D M W a i t R e g =0x3 ffe; 

.const Sys temContro lReg =0x3 fff; 

{****** Variable and Buffer Declaration *******} 

.var/dm/ram/circ rx_buf[3]; 

.var/dm/ram/circ tx_buf[3]; 

. var/dm/ram/circ in i tcmds [13]; 

.var/dm statflag; 

.var/dm/ram Mu; 

.var/dm/ram nk[4]; 

.var/dm/ram Wk[4]; 

.var/dm/ram Xk[4]; 

.var/dm ek; 

.var/dm Yk; 
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{****** Variable and Buffer Initialization **** 

.initMu : 1024; 

.init Wk : 0,0,0,0; 

.init Xk : 0,0,0,0; 

.init nk : 0,0,0,0; 

.init ek : 0; 

.init Yk : 0; 

.init tx_buf: OxcOOO, 0x0000, 0x0000; 

.init in i tcmds: 0xc003, 
0xcl03, 
0xc288, 
0xc388, 
0xc488, 
0xc588, 
0xc680, 
0xc780, 
0xc85b, 
0xc909, 
OxcaOO, 
0xcc40, 
OxcdOO; 

{****** Interrupt Vector Table ******} 

jump start; {Location 0000 : reset} 
rti; 
rti; 
rti; 

rti; 
rti; 
rti; 
rti; 

{Location 0004 : IRQ2} 

rti; 
rti; 
rti; 
rti; 

{Location 0008 : IRQL1} 

rti; 
rti; 
rti; 

{Location 000c : IRQLO} 
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rti; 

ar = dm(statflag); {Location 0010 : SPORTO tx} 
ar = pass ar; 
if eq rti; 
jump next_cmd; 

jump inputsamples; {Location 0014 : SPORTO rx} 
rti; 
rti; 
rti; 

rti; {Location 0018 : IRQE} 
rti; 
rti; 
rti; 

rti; {Location 001c : BDMA} 
rti; 
rti; 
rti; 

rti; {Location 0020 : SPORT 1 tx or IRQ 1} 
rti; 
rti; 
rti; 

rti; {Location 0024 : SPORT1 rx or IRQO} 
rti; 
rti; 
rti; 

rti; {Location 0028 : timer} 
rti; 
rti; 
rti; 

rti; {Location 002c : power down} 
rti; 
rti; 
rti; 

{****** ADSP 2181 Initialization ******} 

start: 
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iO = Arx_buf; {Address pointer to start of receive buffer} 
10 = %rx_buf; {Length register to size of receive buffer} 
11 = Atx_buf; {Address pointer to start of transmit buffer} 
11 = %tx_buf; {Length register to size of transmit buffer} 
i3 = Ainit_cmds; 
13 •= %init_cmds; 
ml = 1; 

i4 = A Wk; {Coefficient buffer} 
m 4 = 1; 
14 = %Wk; 

m5 = 0; 

i2 = A nk; {Noise} 
m2 = 1; 
12 = %nk; 

** Serial port 0 Set up ******} 

axO = b#0000001010000111; 
dm(SPORTOAutobuf) = axO; 

axO = 0; 
dm(SPORT0_RFSDIV) = axO; 
dm(SPORT0_SCLKDIV) = axO; 
ax0 = b#1000011000001 111; 
dm(SPORT0_Control_Reg) - axO; 

axO = b#0000000000000111; 
dm(SPORT0_TX_Channels0) = axO; 
axO = b#0000000000000111; 
dm(SPORT0_TX_Channelsl) = axO; 
axO = b#0000000000000111; 
dm(SPORT0_RX_Channels0) = axO; 
axO = b#0000000000000111; 
dm(SPORT0_RX_Channelsl) = axO; 

** Serial port 1 Set up ******} 

axO = 0; 
dm(SPORTl_Autobuf) = axO; 
dm(SPORTl_RFSDIV) = axO; 
dm(SPORTlSCLKDIV) = axO; 
dm(SPORTl_Control_Reg) = axO; 

{Auto buffer disabled} 
{RFSDIV not used} 

{SCLKDIV not used} 
{ctrl ruction disabled} 
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axO = 0; 
dm(TSCALE) = axO; {Timer not being used} 
dm(TCOUNT) = axO; 
dm(TPERIOD) = axO; 

{****** System and memory set up ******} 

axO = b#0000000000000000; 
dm(DM_Wait_Reg) = axO; 

axO = b#0001000000000000; {Enable SPORTO} 
dm(SystemControlReg) = axO; 

ifc = b#00000011111111; 
nop; 

icntl = b#00000; 
mstat = b#1000000; 

{****** AD 1847 Codec initialization ******} 

ax0= 1; 
dm(stat_flag) = axO; {Clear flag} 
imask = b#0001000000; {Enable transmit interrupt} 
axO = dm(il ,ml); {Start interrupt} 
txO = axO; 

check_init: 
axO = dm(statflag); {Wait for entire init buffer} 
af = pass axO; {to be sent to the codec} 
if ne jump checkinit; 

ayO = 2; 

checkacih: 
axO = dm(rxbuf); {Once initialized, wait } 
ar = axO and ayO; {for codec to come out} 
if eq jump checkacih; {of autocalibration } 

check acil: 
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axO = dm(rxbuf); {Once initialized, wait for} 
ar = axO and ayO; {codec to come out of} 
if ne jump check_acil; {autocalibration} 

idle; 

ayO = OxbBf; {Unmute left DAC} 
axO = dm(init_cmds + 6); 
ar = axO and ayO; 
dm(txbuf) = ar; 
idle; 

axO = dm(init_cmds + 7); {Unmute right DAC} 
ar - axO and ayO; 
dm(txbuf) = ar; 
idle; 

axO = 0xc90T; {Clear autocalibration request} 
dm(txbuf) = axO; 
idle; 

axl = 0x8000; {Control word to clear} 
dm(tx_buf) = ax 1; {over-range flags} 

ifc = b#00000011111111; {Clear any pending interrupt} 
nop; 

imask = b#0000100000; {Enable rxO interrupt} 

{****** Wait for interrupt and loop forvevr ****** j 

talkthru: 
idle; 

jump talkthru; 

{****** Received Interrupt Used for loopback ******} 

input_samples: 
ena sec_reg; {Use shadow register Bank} 
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axl = dm(rx_buf + 1); {Get data from codec} 
ayl = dm(rx_buf + 2); {Get noise from codec,small cable noise} 

{******* Code to be written to process input samples} 

{dm(tx_buf + l)=axl;} 
{dm(tx_buf+2)=ayl;} 

dm(i2,m2) = ayl; {Fill the noise buffer} 
ar = axl + ayl; 
dm(tx_buf+2) = ar; 
DM(Yk) = ar; {Noise contaminated signal} 

{Calculation of equation 4.1.1} 
CNTR = 3; 

FIR: mr = 0, mxO = dm(i2,m2), myO = pm(i4,m4); 
do SOP until ce; 

SOP: mr - mr + mxO*myO(SS), mxO = dm(i2,m2), myO = 
pm(i4,m4); 

mr = mr + mx0*my0(RND); 
if mv sat mr; 
dm(ek) = mrl ; {Estimated noise} 
{dm(tx_buf+ l) = mrl;} 

ayO = mrl ; 
axO - dm(Yk); 
ar = axO - ayO; {calculation of equation 4.1.2} 
ayO - ar; 
axO = ar; 
ar = axO + ayO; {Signal Amplified} 
dm(tx_buf + 1) = ar; {Recovered Signal and rest of the code 

update filter coefficient} 

mr = 0, mxO =ar; 
myO - dm(Mu); 
mr = mx0*my0(RND); 
axO - mrl ; 
ayO - mrl ; 
ar = axO + ayO; 
myO = ar; {calculated 2*Mu*er} 

CNTR = 3; 
do CAL until ce; 
mr = 0, ayO = pm(i4,m5), mxO = dm(i2,m2); 
mrl = ayO; 
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mr = mr + mxO*myO(RND); 
CAX: pm(i4,m4) = mrl ; 

rti; 

{****** Transmit Interrupt used for Codec initialization ***** 

nextcmd: 
ena sec reg ; 
axO = dm(i3,ml); 
dm(txbuf) = axO; 
axO = i3; 
ayO - Ainit_cmds; 
ar = axO - ayO; 
if gt rti; 
axO = 0x8000; 
dm(txbuf) - axO; 
axO = 0; 
dm(stat_flag) = axO; 
rti; 

.endmod; 

{Fetch next control word and} 
{place in transmit slot 0} 

{rti if more control words else} 
{set done flag and remove MCE} 
{if done with init.} 

{reset status flag} 
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