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Derivation — Part 1

Single output of an FIR filter

Basic formula:

y(n) = Zv(n—z’) h;.

In vector notation:

v(n) = [v(n), v(n—1), .., v(n— N+ 1)]T,

ho = [ho, h, oo ]
y(n) = v (n)h

About 2N multiplications and additions in order to
Two outputs of an FIR filter (block processing) / compute two output samples.
ho

y(n) v(n), , v(n—N+1) :

y(n —1) v(n—1), ..., v(n—N) '
hn-1
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Derivation — Part 2

“Even” and “odd” signal and filter vectors

Definitions:
T
heven = [h'O: hZJ ey hN—Q] )
T
hoaa = [hla h?n ey hN—l] )
Veven(n) = [fv(n), v(n—2), ..., v(n— N+ 2)]T ,
Voad(n) = [v(n—1),v(n—3), .., v(n—N—l—l)]T.
Relations:
Uodd(n) = Veven (n - 1) 3
voven(n) — vodd(n + 1) .
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Derivation — Part 3

Two outputs of an FIR filter (continued)

Once again:
ho
[ I B T Sl I I
hn_1

... inserting the abbreviations ...

[ vgven(n) ’Ugdd(n) ] [ heven ]

| vgven (?’L - 1) vcrl:dd(n o 1)

hoad

... multiplying the matrix elements with the subvectors ...

I ,U:)Fvcn (’I’L) heven + {U(r)rdd(’n’) hodd
| Vgven (= 1) Beven + vggqq(n — 1) Road

... adding appropriate zeros ...

= O —
B ’UeTven(n) Reven + 'Ugdd(?’l) hodda _vgdd (n) Reven + 'Ugdd (?’L) heven
veTven(n o 1) hoven + vgdd (n o 1) hOdd jvg‘dd (n) hodd + vgdd (n) h’Oddj

S =0 i
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Derivation — Part 4

Two outputs of an FIR filter (continued)

... result from the previous slide ...

[ y(n) } B Ve ven (1) Peven + ’Ugdd(”'?») Poda — ’Ugdd(n) Peven + 'Ugdd(n) heven
| Vien(n —

even

1) hcvon + vond (n - 1) hodd - vgdd(n) hodd + vgdd(n) hodd

e inserting 'Uodd(n) = Unvnn(n - 1) oee

T

Veven(n—1) |
T T T T
Veven (?’L) heven + Voad (n) hodd — Usad (n) heven + V544 (?’L) heven
:UeTven (TZ - 1)J Peven + fvgdd(n - 1) hoda — vgdd (n) hoda + vg‘dd(n) hoad
Vgaa (™) _

... rearranging the terms ...

Ytmp (n)
N

[Ueven (n) - veven(n - ]-)] * heven + ;—)Edd (’I’L) [hodd + heven]\

About 15N —

multiplications and
additions in order to L Ytmp (1)

compute two output samples.

?gdd(n) [heven + h’oddl— ['vodd(n) — Vodd (n _ 1)} T

~

hodd
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Derivation — Part 5

Basic structure
v(n) y(n)
> h =
\ Structure has to be computed twice to produce two output samples!
Efficient structure
Subsampled domain
v(n) y(n)
> ¢ 2 :(P—» Roven T 9 >
Y
271 »—1
heveu + hodd I
» | 2 € > +
| 1 % f2
L1
Structure has to be computed once to produce two output samples!
- Y
—>®O—>  how
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Derivation — Part 6

Basic structure

v(n) y(n)

»
'
»
'

> ¢2 »D—> hoven PEHO— Tg —»?——»

A
heve:n + hodd

= :@—»Tg

Y
<
Q%]
< N

—>®—>  hodd

Of=
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Derivation — Part 7

Basic structure
v(n) y(n)
> h >
- I o—1
Efficient structure I
A
t
> i 2 =@ > hcvcn -
A
Y
Z_l
heve:n + hodd
> |2 ¢ > ‘
3 o o . o o
1 - Efficient structure in efficient structure ...
Z—l
- Y
—>O—1>  howd
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Derivation — Part 8

Reduction in computational complexity (for large filter orders)

2 25,00 %
4 43.75%
8 57.81%
16 68.36 %
32 76.27 %
64 82.20 %

128 86.65 %
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Derivation — Part 8

Reduction in computational complexity (for large filter orders)

2 25,00 %
4 43.75%
8 57.81%
16 68.36 %
32 76.27 %
64 82.20 %

128 86.65 %

Attention: while reducing the numerical complexity often the delay is increased!
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