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Abstract—This manual provides an introduction to the
LMS algorithm.

1 Sourcke FiLEs

1) Get the git source and enter the local directory

git clone https:// github.com/
gadepall /adsp . git
cd adsp/audio_ source

2) Play the signal noise.wav and noise.wav file.

2 ProOBLEM FORMULATION

The signal noise.wav d(n) contains a human
voice along with an instrument sound in the back-
ground. This sound is captured in noise.wav X(n).
The goal is to suppress X(n) in d,. Let

d(n) = e(n) + y(n) (2.1)
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where e(n) is the desired signal. We want an es-
timate of I(n) from X(n). This can be done by
considering

y(n) = WH(m)X(n) (2.2)

where

X(n)
X(n-1)

X(n-2)

X(n) = (2.3)

X(n-M+ 1),
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wo(n)

ws(n)

W(n) = (2.4)

,Wn—M+l (n)A MX1

and estimating W(n). The human voice can be
characterized as

e(n) = d(n) - WE(n)X(n) (2.5)

The goal is to find W(n) that will allow W' (n)X(n)
to mimic the instrument sound in d(n). This is
possible if e(n) is minimum. This problem can be
expressed as

min e*(n)

2.6
min (2.6)

3 GRADIENT DESCENT METHOD

Consider the problem of finding the square root
of a number c. This can be expressed as the equation

2

x—c=0 (3.1
Problem 3.1. Sketch the function
f(x) = x> = 3xc (3.2)

and comment upon its convexity.
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Problem 3.2. Show that (3.1)) results from
min f(x) = x° — 3xc (3.3)

Problem 3.3. Find a numerical solution for (3.1).

Solution: A numerical solution for (3.1) is obtained
as

(3.4)
(3.5)

Xnr1 = Xy = ff" (%)
= X, —,u(3xi - 3c)
where x, is an inital guess.
Problem 3.4. Write a program to implement (3.3)).

Solution: Execute square root.py in the Ims di-
rectory.

4 LMS ALGORITHM
Problem 4.1. Show using (5.1)) that

de*(n)
oW ()
= -2X(n)d(n) + 2X(M)X" (n)W(n) (4.2)

Ve (n) = 4.1)

Problem 4.2. Use the gradient descent method to
obtain an algorithm for solving

4.3)

s 2
mime-(n
min e*(n)

Solution: The desired algorithm can be expressed

as
Whn+1)=Wh) - ,a[VW(,,)ez(n)] 4.4)
Wrn+1) = W(n) + uX(n)e(n) 4.5)
where u = [i.

Problem 4.3. Write a program to suppress X(n) in
d(n).

Solution: Execute LMS NC_SPEECH.py in the
Ims directory.

5 WIeNErR-HorF EqQuaTtiON

Problem 5.1. Let

e(n) = dn) — WI(n)X(n) (5.1)

Show that
E[e*(n)] = 140 — W ()req — 1L, W(n) + W (n)RW (n)
(5.2)

where
raa = E[d*(n)] (5.3)
rwa = E[X(n)d(n)] (5.4)
R = E[X(W)XT (n)] (5.5)
Problem 5.2. By computing
aJ(n)
=0, 5.6
oW (n) (5-6)
show that the optimal solution for
* _ : 2 _ p-1
W' (n) = min E [e (n)] =R 'ry (5.7)

This is the Wiener optimal solution.

6 CONVERGENCE OF THE LMS ALGORITHM

6.1 Convergence in the Mean

Problem 6.1. Show that R in (5.3) is symmetric as
well as positive definite.

Let

W(n) = Wn) - W, 6.1)

where W, is obtained in (3.7). Also, according to
the LMS algorithm,

W(n + 1) = W(n) + uX(n)e(n) (6.2)
e(n) = dn) — X" (n)W(n) (6.3)
Problem 6.2. Show that
E|Wn+ D] =1[-uRIE[Wm)| (64
Problem 6.3. Show that
R=UAU" (6.5)

for some U, A, such that A is a diagonal matrix and
U'u =1.

Problem 6.4. Show that

lim E|Wn+1)| =0 & lim[I-pA]"=0
(6.6)

Problem 6.5. Using (6.6), show that

O<pu< (6.7)

max

where A, is the largest entry of A.



6.2 Convergence in Mean-square sense
Let

Xi(n) Wi (")] 6.8)

) = [Xz(")] Wan) = [Vw(n)
Problem 6.6. Show that
E[W' (mXmX" (mW(n)] = E[W' (m)RW(n)] (6.9)
for R defined in (3.3).
Problem 6.7. Show that
J(n) = E[¢*(n)] = E[el(n)]
+ E[W(mXm)X(n) Wn)"] - E[W(m)X(n)e.(n)]
~ Ele.(X" (W' (n)] (6.10)
where
Wn) = Whn) - W, (6.11)
e.(n) = dn) — W.X(n) (6.12)
Problem 6.8. Show that

E [W(n)X(n)e*(n)] =E [e*(n)XT(n)WT(n)] =0
(6.13)

Problem 6.9. Show that
E|W ()RW(n)| = trace (E| W' ()RW(n)|) (6.14)
= trace (E [W(n)VVT(n)] R)
(6.15)
Problem 6.10. Using (6.11)), (6.2) and (6.12)), show

that

Wmn+1) = [1 - ,uX(n)XT(n)] W(n) + uX(n)e.(n)
(6.16)

Problem 6.11. Let x> — 0. Using (6.3) and (5.7),
show that

E|Wn+ D)W (n+1)| = (I - 2uR) E|Wm)W"(n)]
(6.17)

Problem 6.12. Show that

lim E|WmW ()] =0 e 0<u<

(6.18)
Problem 6.13. Find the value of the cost function
at infinity i.e. J(oco)

Problem 6.14. How can you choose the value of u
from the convergence of both in mean and mean-
square sense?
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