Causal FIR filter 3 point average

o[- Spafn-4 =Sl

y[n]=byx[n]+bx[n-1]+...+ by x[n- M]

causal running average or backward average

The output y at each sample n is a weighted sum of the
present input, x[n], and past inputs, x[n-1], x[n-2],..., X[n-M]. 1

difference equation
L=3 M=L-1=2
Length 3 2nd order

y[n] = %x[n] + %x[n - 1] + %x[n - 2]

3 pOint average An]={0 0 111 116 101 112 101 1.08 0 0}
n=-2 -1 0 1 2 3 4 5 6 7
1 1 1 1 1 1 1 1 1
y[n]=§x|:n]+§x[n—l]+§x[n—2] y[0]=§x[0]+5x[—1]+§x[—2]=§111+§O+§0=O36

An]={0 0 L11 116 101 1.12 101 1.08 0 O}
n=2 -1 0 1 2 3 4 5 67

sliding window
15

TTTTTTT

g0 Sextend Dyx(0]
(|
- R [

running onto data




y[n]= %x[n] + %x[n -1]+ %x[n -2]

An]={0 0 111 116 101 112 101 108 0 O}
n=-2 -1 0 1 2 3 4 5 6 7

ﬂq=%4q+%4q+%qu=%LM+%Ln+%0=mm

= 1
X TextEnd I I I T
0.5+ i
0 ', ;
o

~
©

4
o
o

2 \d 0 ) 2 3 4 5 6 7
1 T T T T T
byx[1]+bx[0]
g0 Sextend Dyx(0] I
] ‘
2 1 [ 1 2 3 4 5 6 7

y[n]= %x[n] + %x[n -1]+ %x[n -2]

An]={0 0 111 116 1.01 112 101 1.08 0 0}
n=-2 -1 0 1 2 3 4 5 6 7

ﬂﬂ=%qﬂ+%4ﬂ+%4q=%Lu+%Lm+%LM=Lm

1.5 T T T T
1
= TextEnd
0.5
0 & &
- -1 0 4 5 6
1 T T T T T
o US¢End
0
-2 1 0 \t 2 3 4 5 6 7
T
1L
=
= 0.97extEnd
0 & T L
-2 1 0 1 2 3 4 5 6 7

y[n] = %x[n] + %x[n - 1] + %x[n - 2]

An]={0 0 111 116 101 LI2 101 1.08 0 0}
n=-2 -1 0 1 2 3 4 5 6 7

ﬂﬂ=%ﬂﬂ+%ﬂﬂ+%ﬂﬂ=%LM+%LM+%LH=Lw

1.5 T T T T
1+ T )
= 1
% TextEnd
0.51 !
0 & i &
- -1 ) 4 3 4 5 6
n
1 T T T T
o US¢End
0
-2 1 o 1 3 3 4 5 6 7
T T
1L
=
= 0.97extEnd
0 & T
0

R

n
weighted sum

y[n] = %x[n] + %x[n - 1] + %x[n - 2]

An]={0 0 111 116 1.01 112 101 108 0 0}
n=-2 -1 0 1 2 3 4 5 6 7

ﬂq=%qq+%4ﬂ+%qﬂ=%Lm+%Lu+%Lm=Lm

T T T
1
=
= TextEnd
0.5
0 &
0
T

o US¢End

T T T
1L
=
= TextEnd
0.51
0 &
n

B N |

4 o

ol—o

R



1

y[n] =§x[n]+ %x[n - 1] + %x[n —2]

An]={0 0 111 116 101 LI12 101 1.08 0 0}

1

y[n] =§x[n]+ %x[n - 1] + %x[n —2]

An]={0 0 111 116 101

n=-2 -1 0

{7-3

0]

+—x
3

[4]

+—X
3

=—1.08+—-1.01+—-1.12=1.07
3 3 3

1 1

x[n]

TextEnd
5F

ob—o

oo

o US¢End

1L

y[n]
'y

extEnd
5F

2

1 2

ol—o

[7]+ %x[6]

112 1.01 1.08 0 0}

+—x

=—0+-0+-1.08=0.36
3 3 3

1 1

x[n]

TextEnd
5F

ob—o

oo

of——9o

a5

o US¢End

©

1L

y[n]
'y

extEnd
5F

-2

ol—o

L )

running off data

1

y[n] =§x[n]+ %x[n - 1] + %x[n —2]

An]={0 0 111 116 101 LI2 101 1.08 0 0}
n=-2 -1 0 1 2

y{6)- 316

3 4 5

1

+ gx[5]+ %x

7

[4]

1

=—0+—-1.08+ l1.01 =0.70
3 3 3

5 : : : ! !
i 1
=
= TextEnd
0.8 J
N
-1 0 1 2 3
1 T T T T T
o GéEnd 1
o . , . . . !
22 E 0 1 2 3 I 5 o 7
1.5 T T T T T T T T
4 1
=
S TextEnd T T
0.5 4
L, 1
0 2 3

y[n] =%x[n]+ %x[n - 1] + %x[n —2]

xn]={0 0 LIl L16 1.01

1.12 101 1.08 0.0 0.0}

running off data

yn]={0 0 036 075 1.09 1.10 1.05 1.07 0.7 0.36}
n=-2 -1 0 1 2 3 4 5 6 7
sliding window
1.5 T T T T T T
i I I
¥ Textend T I
0.5
0 o
- -1 0 1 2 3 4
1 T T T T T T
o US¢End
2 -1 0 1 2 3 4 \5’—6\)7
1.5 T T T T T T T T
‘7 T T |
S TextEnd T T I T
0.5
L T
-2 -1 0 1 2 3 4 5 6 7

running onto data

n
weighted sum

Notice:
y[n] is longer than x[n].
x[n] is M/2 delayed
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Impulse response

M
[n]= S ba[n-k]  FIRfilter
k=0

1 n=0 )
x[n] =0[n]= _ Kronecker delta function
0 otherwise

y[n]=hlnl= Y bo[n-k] oln-kl= {1 "=k

= 0 otherwise

impulse response

The impulse response is the output of the system when
the input is a delta function.



Impulse response
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Delta function

Impulse response of 3 pt. average

The impulse response is just the filter coefficients.
Finite length filter, finite impulse response (FIR).

Impulse response of 3 pt. average
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Response from 2 impulses
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Any discrete signal be thought of a weighted sum of delayed impulses
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Convolution
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FIR filter
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Convolution sum

impulse response

convolution sum

The output y[n] is equal to the input x[n] convolved with

the unit impulse response h[n].
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LTI Systems
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LTI Systems
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Block Diagrams
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Block Diagrams to
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x[n] >
A A
b, b, b,
+ | F +
unit delay | O unitdelay |— » (O——»
Vz[n] v][n] + y[n]

vz[n] = bzx[n] vl[n] = blx[n] + vz[n - 1]

)[n] = bnx[n] + vl[n - 1]

y[n] = box[n] + v,[n - 1]

v,[n - 1] = blx[n - 1] + bzx[n - 2]

Block Diagrams to
Difference Equations

x[n] >
. block diagram
b, b, b,
+ | F +
unit delay [ O unitdelay |— » (O——»
Vz[n] v][n] + y[n]

vz[n] = bzx[n] vl[n] = blx[n] + vz[n - 1]

)[n] = bnx[n] + vl[n - 1]

y[n]=byx[n]+bx[n-1]+b,x[n-2]  difference equation
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Block Diagrams to

Block Diagrams to
Difference Equations

Difference Equations

v,[n] vi[n] v[n] v[n]
X[n] unit delay unit delay X[n] unit delay unit delay
b, b, B b‘;
»O * > NG i >
* yln] * yln]
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vl[n] = vz[n - 1]
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Homework:

3 point average

L-point running average
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p5_6: FIR & delays l
FIR and single delay
y[n]=ax[n]+bx[n-1] 4




