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Consider the problem of linear prediction.

S
»ian n

Given a sequence(n—p), s(n+1—-p),s(n+2-p)...
s(n—1)

PredictsS(n) to be the lineaveightedsum of the above sequence.

3(n) = 5 as(n-Ka, (1)

s(n) = a,;s(n—1) +a,s(n-=2) +...as(n- K

N
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s(n)

If s(n) is a unit pulse s(n)

s(n)

Thus, equation (1) is a Finite Impulse Response (FIR) fiter.

ggigyzu Y Y T i T
a a, A A
>
l s(n)
=1 forn=0

O otherwise

[a

\\ O from now on.

~
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Linear Recursion.

&» s(n) = e(n)+a,s(nh-1) +a,s(n-2) +...a,s(n-1p)

e(n) = s(n)—s(n) s(n)—gaks(n— K

p

= yas(n-K a =1

k=0

E(9 = yaz's(3

When §(2 = z- transform ofs(n) or §( 2 = gz‘”s( n)

N8(z) = =&

S az"
k=0

N
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Output
s(n-1) s(n-2) s(n—p
e( n) e o o J

N

If you know e(n) perfectly, you can exactly reproduce s(n).

So, LPC methods look for various ways of creating a useful error signal.

N
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How good is the prediction?

Define the error signal.

e(n) = s(n)—s(n)

If we know the error signal, we can constracn) perfectly.

e(n = s(n)—as(h-1)—a,s(n—-2)—...—a,s(n—p

OR, s(n) = a,s(h—-1)+a,s(n—2)+... +a,;s(n—p +e(n) (2)

s(n) is recursive ; its value is a function of previous values.

N
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Let’s take the simplest case ¢f = 1
s(n) = a,;s(n—1) +e(n)
Let's e(n) = unit pulse and(-1) = q
= ag+ 1
Infinite (0) = ad
s(1) = a,;s(0)
Impulse

IR < s(2) = a,s(1) = alg+ &
Respons (.) .( ) q'

a;q + a,

Filter ° ° °
s(m = as(m-1) = a;"'q+ a’

1

If a,<1,s(m -0 stable filter

Butif a,>1,s( m2 — 00 unstable filter

S Note : FIR filters are never unstable.
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Up to now, we have stayed in the time domain. But samples have a spectrum,
just as continuous signals do. To deal with this, we introduce the z-transform,
which will allow us to picture what happens when a sampled sinusoid is applied

to a discrete linear system.

Definition -
X(2) = y x(n)z" Where z is a complex variable.
but X(z) = 3y x(h—-Kz" But m = n-k
n=0 n=m+Kk
® Whenn = 0,m = —k
=z S X(m)Z™” Whenn = oo, m = o

m= -k
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IF x(m) = 0 for m<O

)A((z) = z‘kg x(mz" = 2X(2)

We can apply this to equation (1).
é(z) = (a2 +a,2°+... +az2") = Zz'X(2)

This equation can be represented in terms of z.

|

——— 7! z* z* Z* |
| |

: a, a, ds WV a, :

| |

| |

| |

| |

NS
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Lets take the z-transform of equation (2).
S(2 = (az'+a,z°+...+a,2")S(2 +E(2)
E(z
(2 = . (_2) _
l-a,z —-a,Zz —... —aZ
- _E(@
1-H(2)
s(n)
e L e ] e - Recursive
X a, a, o || IR Filter
NS /
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So, the essence of linear prediction is :
1. Find a set of& ’s that minimize the “complexity” of the error signal.
2. Cleverly code the error signal.
3. Reconstrucs(n)  with the about network.
/
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Convolution - Filtering

If h(n) is the response of a discrete linear system to a unit pulse,

the response to a sign«(n) is

y(n) = Zx(n)h(n—m) = Zx(n— m)h(m)

=0

Example ;h(m) =a" form =0, 1, 2...,a<1

1

. /

N.MORGAN / B.GOLD LECTURE 6 6.12




EE 225D LECTURE ON DSP

4 N
y(n) = x(0)a"+x(1)a" " +... +x(n)a’
But x(m) be unit step function. x(m) = 1 form= 0, zero otherwise
(n) = na"‘:l_am1 . n=0y(n =1
y mgl 1_a | ’y
1
n-o  y(n) - =
yin)-+-------—-—-————- ;—/—;——/————_‘_1_
P —a
/
T
-
NS /
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Now let’s do it by z-transform.
Y(2 = kz'Y(2 + X(2)
v(2 = X2
1-kz*
- 1
X(z2) = yZ =
@=52=175
(N) = ——¢Y(22'dz
i = 21ij
_ 1 Z''dz
2157 (1-kzY) (1-2)
N /
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Reduce method of solving integral.
1 - _A + B :A—Az‘1+B—sz‘1
(1-kzY(1-z") 1-kz' 1-7° (1-kz)(1-2)
B=-L1 A=_-K so A+kB=0A+B=1
1-k 1-k
= - -1
A=—kB B(1-k) =1, B ==
1 1 1 k A=1-B+1-k=1
1-kz')(1-2%) 1—k[1—zl_ —li
( )( ) 1-kz 1_I%R o
Residue=1, \ Residue-k
Residue of
L gk
1-kz' Solution is —[1 k"]
N /

N.MORGAN / B.GOLD LECTURE 6 6.15



	University of California
	Berkeley
	College of Engineering
	Department of Electrical Engineering
	and Computer Science
	Professor : N.Morgan / B.Gold
	EE225D Spring,1999
	Digital Signal Processing
	Lecture 6

