2-D Finite Impulse Response (FIR) Filters

e Difference equation

y(m,n) = k_ZN l_; h(k,Dx(m —k,n—1)

e For NV = 2 - o input points; X output point
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e Number of multiplies per output point = (2N + 1)*

e Transfer function
N N l
H(z1,20) = Y % h(k,l)zl_kz;
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2-D FIR Filter Example 1

e Consider the impulse response h(m,n) = hi(m)hs(n) where
4]21(?1) — (...71’271,...)
hi(n) = (6(n+1)+20(n)+d(n—1))/4

Then h(m,n) is a separable function with

16h(m,n) = ---

S = o = O
S = o = O

e The DTFT of hy(n) is
Hl(ej”) = Y424 e
1
=5 (1 + cos(w))
e The DSET of h(m,n) is
H(eM, &) = Hy(e')Hi(e")
1

= (14 cos(p)) (1 4 cos(v))



Frequency Response of 2-D FIR Filter Example

e Plot of frequency response

H(e", ") = i (14 cos(p)) (1 + cos(v))

3-D Plot of H(eM &)
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e This is a low pass filter with H(e’?, /%)



2-D FIR Filter Example 2

e Consider the impulse response h(m,n) = hi(m)hs(n) where
4h1(n) — (...’172’17...)
hi(n) = (8(n+1)—25(n)+d(n—1))/4

Then h(m,n) is a separable function with

00 0 00
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16h(m,n)= --- 0 =2 4 =20
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e The DTFT of hy(n) is

Hl(ej”) = Y424 e
1
=5 (1 — cos(w))

e The DSET of h(m,n) is

H(eM,e) = {fl(ej“)Hl(ejy)
= 7 (1= cos(n)) (1 = cos(v))



Frequency Response of 2-D FIR Filter Example 2

e Plot of frequency response
. . 1
H(e'", ) = (1 —cos(u)) (1 — cos(v))

3-D Plot of H(eM &)
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e This is a high pass filter with H(e’/?, e/%) = 0



Ordering of Points in a Plane

e Recursive filter implementations require the ordering of points in the plane s =
(s1,82) and r = (ry,73).
e Quarter plane
— For s,7 € Z2, then s < r means (s3 < r9) and (s; < 71) and s # 7.
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e Symmetric half plane

— For 5,7 € Z2%, then s < r means (sy < 79).
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e Nonsymmetric half plane

— For s,7 € Z2 then s < r means (s3 < 72) or ((s3 = 72) and (s1 < 71)).
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2-D Infinite Impulse Response (IIR) Filters

e Difference equation

N N
ym,n) = X X bk, Dx(m—kn—1)
- Nl——N
4 z S alk Dy(m —kon— 1)+ 3 alk, 0)y(m — &, n)
—-Pl=1 k=1

Simplified notation

bes r Y GpYs—y
r>(0,0)

e For nonsymetric half plane with N =0 and P = 2
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e Number of multiplies per output point = (2N + 1)® + (P +2)P

e Transfer function
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2-D IIR Filter Example 1

e Consider the difference equation
y(m,n) =zx(m,n) +ay(m —1,n) + ay(m,n — 1)

e Spatial dependencies - o previous value; X curent value
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e The transfer functions is then
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2-D IIR Filter Example 2

e Consider the difference equation
y(m,n) =xz(m,n) +ay(m —1,n) +ay(m,n —1)+2ay(m+1,n —1)

e Spatial dependencies - o previous value; X curent value

o O

e The transfer functions is then
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H(Zl,ZQ) = T
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2-D IIR Filter Example 3

e Consider the difference equation
y(m,n) =zx(m,n) +ay(m —1,n) +ay(m,n — 1)+ ay(m+ 1,n) + ay(m,n + 1)

e Spatial dependencies - o previous value; X curent value
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e Theoretically, the transfer functions is then
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H(z,2) = 1 —azt
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e THIS DOESN’T WORK



